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ABSTRACT 


This  report  presents  results  and  equations  for  the  12-,  24-,  and  36-hr  prediction 
of  cyclone  displacement  and  change  in  central  pressure  for  the  Northern  Hemisphere. 
For  application  of  these  equations  to  summer  cyclones,  the  Northern  Hemisphere  was 
divided  into  six  areas;  for  application  to  winter  cyclones,  only  three  of  these  areas 
were  treated  because  the  other  three  were  covered  previously. 

The  technique  employed  features  a  moving-coordinate  grid  system  for  predictor 
tabulation,  and  a  screening  regression  analysis  for  the  derivation  of  the  prediction 
equations. 

These  equations  were  tested  on  an  independent  data  sample  and  yielded  results 
superior  to  climatology  for  all  areas  tested.  The  incorporation  of  500-mb  perfect 
prognoses  as  predictors  appeared  to  have  only  limited  success. 
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Publication  of  this  technical  report  does  not  constitute  Air  Force  approval  of  the 
report’s  findings  or  conclusions.  It  is  published  only  for  the  exchange  and  stimulation 
of  ideas. 
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SECTION  I 


INTRODUCTION 

Previous  studies  in  cyclone  prediction  [6,  7],  in  which  the  method  for  predicting 
the  movement  and  intensification  of  a  cyclone  was  to  use  statistically  derived  prediction 
equations  based  on  a  moving-coordinate  system  (one  in  which  predictor  information 
is  measured  at  fixed  points  relative  to  the  moving  cyclone  rather  than  relative  to  the 
earth),  showed  considerable  skill  and  warrant  application  to  untreated  geographical  areas 
and  seasons. 

The  prediction  equations  can  be  used  operationally  either  manually  with  the  aid  of 
a  desk  calculator  or,  as  is  done  at  the  USAF  Global  Weather  Center  (GWC),  automatically 
with  the  aid  of  an  electronic  computer. 

This  report  treats  summer-cyclone  equations  for  the  Northern  Hemisphere  (divided 
into  six  areas),  and  winter-cyclone  equations  for  the  Atlantic  and  Pacific  Oceans  and 
Eurasia. 
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SECTION  II 
DATA  PROCESSING 


1.  Areas  Studied 

The  areas  selected  for  study  are  shown  in  Fig.  1.  Summer-cyclone  equations  were 
derived  for  all  six  areas,  while  only  three  of  the  six  areas  were  considered  for  winter 
cyclones  (the  other  three  areas  were  considered  previously  [6,7]). 

2.  Selection  of  Cases 

Cyclones  were  processed  separately  according  to  the  area  in  which  they  were 
located.  Table  I  shows  the  number  of  cyclones  selected  for  each  of  the  areas  of  Fig.  1. 

The  cyclones  were  selected  by  examining  all  the  0000  and  1200  GMT  surface  charts  for 
the  winters  (November-March)  of  1955-56  through  1959-60,  and  the  summers  (May- 
September)  of  1955  through  1959.  A  cyclone  was  accepted  if  it  retained  its  identity  for  at 

least  36  hours. 

The  samples  of  cyclones  selected  for  the  first  four  winters  and  summers  were 
designated  as  the  dependent  samples  and  were  used  to  derive  prediction  equations.  The 
samples  of  the  fifth  winter  and  summer  seasons  were  designated  as  the  independent  samples 
and  were  used  to  test  the  equations. 

3.  Predictands 

The  predictands  used  in  this  study  were  in  the  same  form  as  in  previous  studies 
[6,  7];  that  is,  the  two  components  of  displacement  (latitudinal  and  longitudinal^  and  change 
in  central  pressure,  for  12,  24,  and  36  hr  (see  Table  II). 

4.  Predictors  Considered 

The  basic  source  of  predictor  data  was  System  433L  hemispheric-data  tapes  [8]. 
Special  preprocessing  programs  automatically  extracted  grid-point  arrays  oi  the  various 
pressure,  height,  and  thickness  data  for  each  cyclone  in  the  developmental  sample. 

In  addition,  several  so-called  derived  predictors  were  computed  by  conventional  finite- 
difference  methods.  This  yielded  seven  grid  arrays  of  63  points  each,  plus  17  single¬ 
point  predictors,  or  about  460  potential  predictors. 

Because  the  screening  regression  program  (see  Section  6)  will  treat  no  more  than 
180  possible  predictors  at  one  time,  the  number  of  predictors  was  subjectively  decreased 
for  each  grid-point  array.  Table  III  lists  the  possible  predictors  that  remained  after  this 
reduction.  There  are  two  categories:  SIMPLE  predictors  from  Category  A  and  DERIVED 
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TABLE  II 
PREDICTANDS 


Class 

Symbol 

Unit  of  measurement 

Northward  displacement 

N 

deg.  lat. 

Eastward  displacement 

E 

deg.  lat. 

Change  in  central  pressure 

D 

mb 

predictors  from  Category  B. 

The  cyclone  intensity  (I)  refers  to  the  difference  in  pressure  between  the  cyclone  and 

the  average  of  four  surrounding  grid  points  (derived  from  one  grid  interval  for  I  and  from 

two  grid  intervals  for  I  )  divided  by  a  function  of  latitude,  so  that 

2 

1=  [~  2  ( P )  -  PQ]  +  (1  +  sin  0)2  (II-l) 

The  two  components,  IT  and  V',  of  the  thermal  wind,  V  are  computed  for  the  loca¬ 
tion  of  the  cyclone  from  the  1000-  to  500-mb  thickness  chart.  Because  the  1000-  to  500-mb 
thermal  wind  (VT)  represents  the  difference  between  the  500-mb  geostrophic  wind  (V,.)  and 
the  1000-mb  geostrophic  wind  (VQ),  it  can  be  seen  that  at  the  cyclone  center,  |V,_|  >>  IV^I, 
and  therefore,  a  reasonable  approximation  is  Thus,  U'  and  V'can  be  thought 

of  as  so-called  “steering  components”.  The  concept  of  steering,  well  known  to  synoptic 
meteorologists,  refers  to  the  tendency  for  a  cyclone  to  move  in  the  direction  of  the  mid- 
tropospheric  flow  above  it  and  at  a  speed  roughly  proportional  to  the  strength  of  the  flow. 

Vorticity,  advection,  and  time  changes  of  these  quantities  are  computed  at  the 
cyclone  location  in  the  usual  manner. 

5.  The  Moving-coordinate  Grid 

The  grid  for  extracting  predictor  information  accompanies  the  cyclone  as  it  moves, 
so  variables  are  measured  at  constant  positions  relative  to  its  center.  The  grid  is  shown 
in  Fig.  2.  The  grid  point  defined  by  the  (K,  L)-location  (5,  3)  is  placed  at  the  center  of  the 
cyclone  for  summer  and  (5,4)  for  winter,  and  the  grid  is  oriented  so  that  the  line  K=5 
coincides  with  the  meridian  passing  through  the  center  of  the  cyclone.  Other  grid  loca¬ 
tions  are  defined  by  their  departure,  in  grid  intervals,  from  this  point.  For  technique- 
development  purposes,  grid  placement  and  data  tabulation  are  done  by  computer  pro¬ 
grams,  and  “analyzed  maps”  are  on  magnetic  tape.  On  a  polar  stereographic  projection 
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TABLE  HI 

POSSIBLE  PREDICTORS 


Predictor 

Symbol 

Unit 

Sea-level  pressure 

P 

mb 

12-hr  pressure  change 

AP 

mb 

500-mb  height 

Z 

decafeet 

12-hr  height  change 

AZ 

decafeet 

< 

>i 

1000-  to  500-mb  thickness 

H 

decafeet 

u 

o 

bfi 

12-hr  thickness  change 

AH 

decafeet 

0) 

d 

Latitude  of  cyclones 

e 

°lat. 

O 

Longitude  of  cyclones 

\ 

°long. 

Cyclone  intensity  (one  grid  interval) 

h 

mb 

Cyclone  intensity  (two  grid  intervals) 

h 

mb 

24 -hr  500-mb  height  change  (forecast) 

AZ 

decafeet 

Zonal  component  of  1000-  to  500-mb  thermal  wind 

ir 

knots 

Meridional  component  of  1000-  to  500-mb  thermal  wind 

V' 

knots 

Magnitude  of  thermal  wind 

V 

knots 

PQ 

Square  of  magnitude  of  thermal  wind 

V2 

(knots)2 

u 

500-mb  vorticity 

% 

sec^1 

o 

bo 

Q) 

12-hr  vorticity  change 

At?5 

sec“l 

4*9 

d 

U 

Thermal  vorticity  (1000—500  mb) 

£t 

sec“l 

12-hr  thermal  vorticity  change 

A£>p 

sec"1 

Surface  vorticity 

^0 

sec"1 

12-hr  surface  vorticity  change 

An0 

sec"1 

Thickness  advection 

Arp 

decafeet  sec-1 

12-hr  thickness  advection  change 

AArp 

decafeet  sec"1 

6 


N 


Fig.  2.  Moving  coordinate  grid  overlay.  The  center  of  the  cyclone  is  pos¬ 
itioned  at  K=5,  L=3  for  summer  cyclones  and  K=5,  L=4  for  winter  cyclones  with 
K=5  oriented  north-south.  One  grid  interval  equals  two  JNWP  grid  intervals 
(762  km  at  60°  N). 
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with  standard  parallel  at  60°N,  the  grid  array  forms  a  set  of  evenly  spaced  points.  The 
interval  used  here  is  twice  that  of  the  Joint  Numerical  Weather  Prediction  (JNWP)  grid. 

At  60°N,  where  the  scale  is  true,  our  interval  equals  762  km. 

6.  Screening  Regression  Technique 

The  screening  procedure  suggested  by  Bryan  [2]  and  developed  for  the  IBM  704 
electronic  computer  by  Miller  14]  was  used  to  screen  the  possible  predictors  identified 
in  subsequent  sections  (this  program  has  also  been  written  for  the  IBM  7094). 

One  who  designs  a  statistical-prediction  experiment  invariably  likes  to  consider  all 
predictors  deemed  important  on  the  basis  of  previous  theoretical,  synoptic,  and  empirical 
work,  but  as  Lorenz  [3]  points  out,  a  prediction  equation  should  contain  few  predictors  in 
comparison  with  the  size  of  the  developmental  sample;  if  there  are  too  many,  a  relation¬ 
ship  that  fits  the  sample  used  to  establish  it  is  likely  to  fail  when  applied  to  a  new  sample. 

The  object  of  the  screening  procedure  is  to  select  from  a  set  of  possible  predictors  the 
subset  that  most  significantly  and  independently  contributes  to  reducing  the  variance  of 
the  predictand. 

From  an  array  of  possible  predictors,  the  screening  procedure  first  selects  the  one 
that  has  the  highest  linear  correlation  with  the  predictand  in  question.  This  predictor  is 
then  held  constant  and  partial-correlation  coefficients  between  the  predictand  and  each  of 
the  remaining  predictors  are  examined;  the  predictor  now  associated  with  the  highest 
coelficient  is  the  second  one  selected.  Additional  predictors  are  chosen  similarly. 

Selection  is  halted  whenever  a  predictor  fails  to  pass  a  significance  test.  After  the  significant 
predictors  have  been  selected,  the  regression  coefficients  are  obtained  by  the  method  of 
least  squares. 

The  criterion  of  significance,  as  applied  to  the  screening  procedure,  is  not  clear- 
cut  because  the  usual  F-test  methods  (e.g.,  [9])  are  not  applicable  [5]. 

If  a  predictor  is  chosen  at  random  from  a  group  of  predictors,  an  F-test  is  usually 
taken  at  the  95%  level;  this  allows  a  l-in-20  chance  of  considering  the  predictor  significant 
when,  in  fact,  it  is  not.  Because  the  screening  procedure  does  not  select  predictors 
randomly,  a  more  severe  test  is  needed  to  specify  a  l-in-20  chance.  For  his  screening 
procedure,  Miller  [5]  suggested  that  the  critical  F-value  be  a  function  of  the  number  of 
possible  predictors.  The  F-test  was  used  in  this  form  in  these  experiments. 


8 


SECTION  III 


SYNOPTIC  CLIMATOLOGY 

7.  Summer  Cyclones 

Table  IV  contains  the  means  and  standard  deviations  of  northward  and  eastward 
displacements,  and  the  changes  in  central  pressure  for  12,  24,  and  36  hr  for  the  summer 
cyclones  in  the  dependent  data  sample.  Mean  tracks  were  also  constructed  from  this 
information  and  are  shown  in  Fig.  3.  A  comparison  of  these  six  tracks  shows  a  general 
southwest  to  northeast  movement  for  the  36-hr  period.  Changes  in  central  pressure 
are  generally  small,  with  the  major  amount  of  deepening  occurring  during  the  first 
24  hr  and  a  slight  filling  tendency  in  the  last  12  hr.  By  comparing  the  standard  devia¬ 
tions  in  Table  IV,  it  is  seen  that  there  is  generally  more  variability  in  eastward  dis¬ 
placement  than  in  northward  displacement. 

8.  Winter  Cyclones 

Means  and  standard  deviations  for  winter  cyclones  were  also  computed  and  are 
shown  in  Table  V.  The  mean  tracks  are  shown  in  Fig.  4.  The  prevailing  direction  of 
movement  is  toward  the  northeast  for  all  three  areas.  Note  that  while  the  Atlantic  area 
cyclones  exhibited  a  fair  amount  of  deepening,  the  tendency  was  for  increasing  central 
pressure  for  the  Eurasian  and  Pacific  areas.  The  standard  deviations  in  Table  V  show 
the  Eurasian  cyclones  to  be  somewhat  anomalous  in  that  their  variability  of  displace¬ 
ment  is  greater  latitudinally  than  longitudinally.  The  comparison  of  standard  deviations 
between  winter  and  summer  cyclones  shows,  as  one  would  expect,  more  variability  in 
winter  than  in  summer. 
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TABLE  IV 

CHARACTERISTICS  OF  SUMMER  CYCLONES, 
1955—1958  (dependent  sample) 


Area 

Forecast 

interval, 

hr 

Observed 
northward 
displacement, 
deg.  lat. 

Observed 
eastward 
displacement, 
deg.  lat. 

Observed 
change  in 
central  pressure, 
mb 

Mean 

Std.  dev. 

Mean 

Std.  dev. 

Mean* 

Std.  dev. 

12 

0.69 

2.04 

3.32 

1.98 

-1.16 

3.66 

North 

24 

1.56 

3.63 

6.51 

3.63 

-1.96 

5.62 

America 

36 

2.60 

4.95 

9.47 

5.21 

-2.26 

7.26 

12 

1.50 

2.05 

2.92 

2.08 

-1.76 

4.50 

Atlantic 

24 

3.06 

3.64 

5.48 

3.78 

-2.67 

7.13 

36 

4.57 

4.87 

7.65 

5.35 

-2.66 

9.38 

12 

1.05 

1.99 

2.43 

1.92 

-0.91 

3.59 

Europe 

24 

2.12 

3.20 

4.59 

3.74 

-1.07 

5.72 

36 

3.09 

4.27 

6.90 

4.48 

-0.58 

7.45 

12 

0.85 

1.76 

2.77 

1.94 

-0.73 

3.49 

Eurasia 

24 

1.68 

2.92 

5.48 

3.37 

-1.25 

4.86 

36 

2.50 

3.96 

8.09 

4.75 

-1.27 

6.38 

12 

1.10 

2.06 

3.30 

2.27 

-1.10 

4.27 

Asia 

24 

2.20 

3.35 

6.52 

3.80 

-1.69 

6.48 

36 

3.16 

4.43 

9.55 

5.22 

-1.61 

8.40 

12 

1.50 

1.92 

2.75 

2.40 

-0.92 

5.04 

Pacific 

24 

2.92 

3.33 

4.81 

4.17 

-0.49 

8.11 

36 

|  4.14 

4.42 

6.35 

5.60 

1.02 

j _ 

10.49 

♦Negative  values  represent  deepening. 


TABLE  V 

CHARACTERISTICS  OF  WINTER  CYCLONES 
1955/56—1958/59  (dependent  sample) 


Area 

Forecast 

interval, 

hr 

Observed 
northward 
displacement, 
deg.  lat. 

Observed 
eastward 
displacement, 
deg.  lat. 

Observed 
change  in 
central  pressure, 
mb 

Mean 

Std.  dev. 

Mean 

Std.  dev. 

Mean* 

Std.  dev. 

12 

2.44 

2.76 

3.09 

2.96 

-3.97 

8.87 

Atlantic 

24 

4.69 

4.86 

5.43 

5.27 

-6.07 

13.27 

36 

6.51 

6.56 

7.26 

7.31 

-5.57 

16.74 

12 

0.86 

2.51 

3.09 

2.19 

0.32 

4.42 

Eurasia 

24 

1.79 

4.40 

6.04 

3.94 

1.26 

6.67 

36 

2.75 

6.04 

8.77 

5.55 

3.00 

8.42 

12 

1.80 

2.73 

2.99 

2.87 

-1.48 

6.86 

Pacific 

24 

3.50 

4.59 

5.38 

5.07 

-0.97 

10.91 

36 

4.89 

6.12 

7.23 

6.92 

1.61 

13.86 

♦Negative  values  represent  deepening. 
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Fig.  4.  Mean  tracks  of  winter  cyclones  by  area,  1955/56  —  1958/59  (dependent  sample).  Value  adjacent  to  symbol 
refers  to  mean  change  in  central  pressure  (mb). 


SECTION  IV 


PREDICTION  EXPERIMENTS 

As  was  mentioned  previously,  all  the  possible  predictors  listed  in  Table  III  could 
not  be  used  in  a  single  computer  run  for  screening-regi'ession  prediction  experiments 
because  of  program  limitations.  Each  set  of  predictor  variables  was  reduced  to  a 
smaller  subset  which,  based  on  earlier  studies  [6,  7],  appeared  to  be  near-optimum. 

We  performed  two  kinds  of  experiments  for  all  six  summer  and  three  winter  areas. 

In  the  first  (Exp.  1)  our  “base-technique”  experiment  employed,  primarily,  point  values 
of  the  various  predictors.  In  the  second  (Exp.  2),  both  derived  and  prognostic  informa¬ 
tion  were  incorporated. 

The  predictors  used  in  Exp.  1  consisted  of  only  those  in  the  upper  half  of  Table  III. 
Experiment  2  used  the  entire  list  of  Table  III.  The  results  of  these  techniques  are  given 
in  Section  VI.  . 
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SECTION  VI 


RESULTS 

For  both  summer  and  winter  cyclones,  the  experiments  were  designed  to  yield 
seperate  equations  for  the  two  components  of  displacement  (northward,  N,  and  east¬ 
ward,  E)  and  one  equation  for  change  in  central  pressure  (D).  Equations  were  derived 
for  forecast  intervals  of  12,  24,  and  36  hr.  These  equations  can  be  found  in  the  Appendix. 
The  cyclone  center  was  referenced  to  the  (K,L)  grid-point  location  (5,3)  for  summer 
cyclones  and  (5,4)  for  winter  cyclones. 

The  results  of  the  screening  regression  analysis  are  summarized  in  tables  for 
each  summer  and  winter  area.  Each  table  represents  one  area  and  lists,  for  both 
experiments,  the  predictors  in  the  order  of  their  selection  by  the  screening  procedure, 
and  the  percentage  of  the  total  variance  of  the  predictand  explained  by  each  (%  red.). 

The  predictor  symbol  is  defined  in  Table  II  and  the  accompanying  numbers  in  parentheses 
refer  to  the  (K.L)-grid  locations  shown  in  Fig.  2. 

9,  North  American  Summer  Cyclones 

Table  VI  (la),  (Exp. 2),  shows  that  the  first  predictor  selected  for  all  six  displace¬ 
ment  predictands  is  a  “steering”  term.  For  northward  displacement  (N)  it  is  the 
strength  of  the  southerly  flow  (V'),  while  for  eastward  displacement  (E),  the  westei  ly 
flow  (U')  is  most  important.  For  the  change  in  central  pressure  (D),  the  first  predictor 
selected  is  the  24-hr  forecast  of  500-mb  height  change  one  grid-interval  to  the  east  of 
the  cyclone.  The  sign  of  the  regression  coefficient  associated  with  this  predictor  (see  the 
Appendix  )  is  positive;  this  relates  cyclone  deepening  to  prognostic  height  falls. 

When  derived  predictors  and  prognostic  terms  are  not  used  (Exp.l),  the  chaiactei 
of  the  selected  predictors  changes  [See  Table  VI  (a)].  It  is  interesting  to  note  that,  in 
general,  there  are  many  more  500-mb  predictors  than  surface  predictors.  Some  of 
these  500-mb  predictors  appear  to  simulate  steering  terms  which  were  not  explicitly 
available  in  this  experiment.  For  example,  the  eastward  displacement  (E)  has  Z(6,o) 
and  Z(5,2)  as  its  first  two  predictors.  Reference  to  the  Appendix  shows  that  these  two 
terms  have  regression  coefficients  of  opposite  sign,  so  that  the  difference?  between  the 
two  is  of  importance.  Furthermore,  it  can  be  seen  from  Fig.  2  that  the  locations  of 
these  predictors  are  such  that  they  are  measui-ing  the  westerly  component  of  the  500-mb 
geostrophic  wind.  Likewise,  the  first  two  terms  for  the  northward  displacement  (N)  are 


14 


TABLE  VI 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR  NORTH  AMERICAN 
SUMMER  CYCLONES 

(a)  Exp.  1 


Forecast 

Order  of 
selection 

N 

E 

D 

interval, 

hr 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

Z(7,  2) 

12.4 

Z(6,  5) 

17.6 

h 

12.4 

2 

Z(4,  3) 

15.8 

Z<5,  2) 

7.9 

AZ(4,  3) 

7.9 

3 

AP(5,  4) 

4.2 

Z(5,  4) 

11.9 

AZ(5,  2) 

3.9 

4 

Z(8,  5) 

4.9 

AP(6,  3) 

2.4 

H(4,  5) 

1.9 

12 

5 

P(l.  1) 

2.1 

AP(4,  3) 

2.4 

- 

- 

6 

Z(6,  3) 

4.1 

*2 

1.6 

- 

- 

7 

Z(5,  4) 

4.3 

Z(4,  3) 

0.9 

- 

- 

8 

Z(5,  2) 

2.0 

P(6,  3) 

1.0 

- 

- 

9 

- 

- 

P(5,  2) 

2.0 

- 

- 

Total 

49.8 

47.7 

26.1 

1 

Z(7,  2) 

10.9 

Z(6,  5) 

21.7 

X1 

!  14.0 

2 

Z(4,  3) 

16.5 

Z(5,  2) 

12.2 

AZ(4,  3) 

6.0 

3 

Z(8,  5) 

7.0 

Z(5,  4) 

6.5 

AZ(3,  2) 

3.4 

4 

AZ(5,  4) 

4.6 

AZ(4,  3) 

2.5 

P(4,  3) 

3.2 

24 

5 

Z(4,  5) 

2.6 

AZ(6,  3) 

2.3 

AP<6,  3) 

:  2.8 

6 

P(l,  1) 

2.0 

- 

- 

- 

7 

Z(6,  3) 

3.2 

- 

- 

8 

Z(5,  4) 

2.6 

- 

- 

- 

- 

9 

Z(5,  2) 

2.6 

- 

- 

- 

- 

10 

AP(5,  4) 

1.3 

- 

- 

- 

- 

Total 

53.3 

45.2 

29.4 

1 

Z(8,  3) 

10.6 

Z(6,  5) 

21.8 

h 

15.9 

2 

Z(4,  3) 

15.2 

Z(5,  2) 

13.0 

P(4,  3) 

3.6 

3 

AZ(5,  4) 

5.3 

Z(5,  4) 

2.2 

AZ(4,  3) 

4.3 

4 

Z(8,  5) 

5.6 

AZ(4,  3) 

2.8  ! 

AP(6,  3) 

2.9 

5 

Z(4,  5) 

2.5 

AZ(6,  3) 

1.7 

H(4,  5) 

1.9 

6 

Z(7,  2) 

2.3 

- 

~  j 

- 

- 

7 

P(2,  3) 

1.7 

- 

- 

- 

36 

8 

H(8,  3) 

1.0 

- 

-  ! 

- 

- 

9 

H(6,  3) 

1.1 

- 

- 

- 

10 

Z(5,  4) 

3.6 

- 

- 

- 

- 

11 

AH(5,  4) 

1.2 

- 

- 

- 

12 

*2 

1.0 

- 

- 

- 

- 

13 

Z(l,  4) 

0.9 

- 

- 

- 

- 

14 

Z(9,  1) 

0.9 

- 

- 

- 

- 

Total 

52.9 

41.5 

28.6 
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TABLE  VI 


(b)  Exp.  2 


Forecast 

interval, 

hr 

N 

E 

D 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V' 

24.6 

IT 

26.7 

AZ(6,  3) 

17.5 

2 

X 

8.9 

Z(6,  5) 

4.4 

h 

19.3 

3 

AP(5,  4) 

5.5 

AZ(6,  5) 

3.7 

AZ(4,  3) 

4.4 

4 

P(3,  2) 

2.5 

2.7 

Ar]0 

2.3 

12 

5 

P(8,  3) 

1.7 

AP(6,  3) 

1.8 

— 

— 

6 

P(5,  4) 

1.3 

Z(5,  2) 

1.8 

— 

— 

7 

P(5,  2) 

1.8 

Z(5,  4) 

2.8 

— 

— 

8 

AZ(5,  2) 

1.0 

AZ(5,  4) 

2.2 

— 

— 

9 

AZ(5,  4) 

1.0 

AP(4,  3) 

1.3 

— 

— 

10 

IT 

1.0 

P(l,  4) 

1.2 

- 

— 

Total 

49.3 

48.6 

43.5 

1 

V" 

23.9 

IT 

28.5 

a£(6,  3) 

23.0 

2 

X 

11.5 

Z(6,  5) 

6.4 

*2 

24.5 

3 

AP(5,  4) 

3.4 

AZ(6,  5) 

4.8 

AZ(5,  4) 

3.3 

4 

P(3,  2) 

2.4 

Z(5,  2) 

3.6 

V2 

3.1 

5 

P(8,  3) 

2.1 

AZ(5,  4) 

4.1 

1.4 

6 

P(5,  4) 

2.1 

- 

- 

P(3,  6) 

0.9 

24 

7 

IT 

1.7 

- 

- 

P(4,  5) 

1.0 

8 

AZ(5,  4) 

1.8 

- 

- 

1.0 

9 

AZ(5,  2) 

2.1 

- 

- 

AH(2,  3) 

0.7 

10 

Z(7,  6) 

1.7 

- 

- 

— 

11 

Z(5,  6) 

1.1 

- 

— 

— 

12 

AZ(7,  6) 

1.1 

- 

— 

— 

— 

13 

AZ(6,  3) 

0.9 

- 

- 

— 

i  I 

Total 

55.8 

47.4 

58.9 

1 

V' 

19.6 

IT 

23.4 

AZ(6,  3) 

17.9 

2 

X 

12.1 

Z(6,  5) 

7.8 

l2 

27.5 

3 

P(8,  5) 

3.1 

AZ(6,  5) 

5.3 

AZ(5,  4) 

2.6 

4 

AZ(5,  4) 

3.7 

Z(5,  2) 

5.9 

IT 

2.6 

5 

P(5,  4) 

2.3 

AZ(5,  4) 

4.8 

P(5,  3) 

1.3 

36 

6 

IT 

2.1 

AZ(5,  2) 

1.8 

- 

— 

7 

AZ(5,  4) 

2.4 

P(6,  3) 

1.8 

- 

— 

8 

AZ(5,  2) 

2.7 

P(7,  2) 

2.0 

— 

— 

9 

P(8,  3) 

2.1 

- 

— 

— 

— 

10 

H(8,  5) 

1.4 

- 

- 

— 

— 

Total 

51.5 

52.8 

51.9 
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indicative  of  steering.  For  central  pressure,  the  initial  intensity  of  the  cyclone  is 
selected  first,  and  the  regression  coefficient  for  this  term  suggests  that  intense  cyclones 
will  undergo  little  further  intensification  compared  to  initially  weak  cyclones. 

An  evaluation  of  the  two  experiments  on  independent  data  is  shown  in  Table  VII. 

The  differences  in  root-mean-square  (rms)  errors  for  the  two  displacement  compon¬ 
ents  are  rather  small.  However,  for  change  in  central  pressure,  the  Exp.  2  equations 
yield  the  better  results  of  the  two  experiments.  It  should  be  kept  in  mind,  though,  that 
actual  analyses  (“perfect”  prognoses)  were  employed  in  Exp.  2  and  that  some  loss  of 
accuracy  should  be  expected  when  using  operational  prognoses- 

The  equation  results  of  Exps.  1  and  2  compare  quite  favorable  with  climatology  (also 
shown  in  Table  VII). 

10.  _ Atlantic  Summer  Cyclones 

There  were  more  sea-level  pressure  predictors  selected  in  Exp.  1  for  this  area 
(see  Table  VIII)  than  in  the  same  experiment  for  North  America  (cf  Table  VI).  The 
only  apparent  steering/predictor  combination  was  the  12-hr  eastward  displacement, 
with  Z(5,2)  and  Z(5,4)  selected  as  the  first  two  predictors.  For  the  change  in  central 
pressure,  the  12-hr  height  change  one  grid  interval  to  the  west  of  the  cyclone  was  select¬ 
ed  first,  while  at  intervals  of  24  and  36  hr,  che  first  predictor  was  the  initial  central 
pressure  of  the  cyclone.  For  Exp.  2,  steering  was  once  again  important,  but  did  not  contri¬ 
bute  enough  to  be  chosen  first  ahead  of  P(7,2)  for  24-hr  northward  displacement  and 
P(8,3)  for  36-hr  northward  displacement.  For  the  change  in  central  pressure,  a  different 
predictor  was  selected  first  for  all  three  forecast  intervals.  The  24-hr  forecast  height 
change  one-grid  interval  to  the  east  was  selected  first  for  12-hr  change  in  central  pres¬ 
sure  and  then  was  selected  second  for  both  24  and  36  hr. 

On  independent  data  (Table  VII)  Exp.  2  results  were  not  appreciably  better  than 
Exp.  1,  although  both  were  superior  to  climatology. 

11.  European  Summer  Cyclones 

The  first  two  predictors  selected  in  Exp.  1  [Table  IX  (a)]  for  northward  displace¬ 
ment  were  H(6,3)  and  Z(5,4)  for  all  three  forecast  intervals.  Their  regression  coeffi¬ 
cients  are  of  opposite  sign  and,  hence,  the  combination  may  be  interpreted  as  a  sort 
of  steering  term,  although  not  as  straightforward  as  the  predictor  combination  of  Z(7,2) 
and  Z(4,3)  which  was  selected  for  North  America.  For  eastward  displacement,  the 
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ROOT-MEAN-SQUARE  ERRORS  IN  TESTS  ON  SUMMER  CYCLONES,  1960 

(independent  sample) 
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TABLE  Vffl 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR  ATLANTIC 
SUMMER  CYCLONES 

(a)  Exp.  1 


Forecast 

interval, 

hr 

N 

E 

D 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

P(7,  2) 

17.5 

Z(5,  2) 

16.7 

AZ(4,  3) 

6.5 

2 

P<5,4) 

5.6 

Z(5,  4) 

19.3 

*1 

4.2 

3 

Z(6,  3) 

7.3 

Z<4,  3) 

6.6 

P(3,  2) 

4.7 

4 

Z(4,  3) 

9.4 

Z(2,  3) 

2.7 

P(6,  5) 

2.5 

5 

H(3,  6) 

2.7 

AP(4,  3) 

1.5 

AP(6,  3) 

1.6 

6 

AZ(5,  2) 

2.1 

Z(6,  3) 

1.1 

— 

— 

12 

7 

AH(6,  3) 

1.6 

AH(5,  2) 

1.3 

— 

— 

8 

P(2,  5) 

1.0 

Z(7,  2) 

1.0 

— 

— 

9 

e 

0.7 

J2 

1.0 

— 

— 

10 

P(5,  2) 

1.0 

e 

0.9 

— 

— 

11 

Z(3,  2) 

0.8 

- 

- 

— 

— 

12 

Z(8,  3) 

0.9 

- 

— 

— 

— 

13 

Z(7,  6) 

1.0 

- 

— 

— 

— 

Total 

51.6 

52.1 

19.5 

1 

P(7,  2) 

20.0 

P(5,  2) 

18.6 

P(5,  3) 

12.1 

2 

P(5,  4) 

7.7 

P(6.  5) 

14.2 

AP(5,  2) 

7.8 

3 

Z(6,  3) 

8.2 

AP(4,  3) 

2.2 

H(4,  5) 

5.1 

4 

H(4,  3) 

7.4 

H(4,  3) 

2.2 

AP(6,  3) 

2.9 

5 

P(8,  5) 

3.2 

H(6,  5) 

6.8 

P(2,  3) 

1.8 

6 

H(4,  5) 

3.3 

AZ(7,  2) 

2.0 

P<5,  4) 

1.9 

24 

7 

d 

2.0 

Z(5,  4) 

1.5 

— 

— 

8 

Z(3,  2) 

2.4 

Z (5 ,  2) 

1.3 

— 

— 

9 

H(9,  1) 

0.9 

Z(6,  3) 

1.3 

— 

— 

10 

P(5,  2) 

1.1 

Z(7,  2) 

1.1 

— 

— 

11 

P(8,  3) 

0.9 

H(2,  3) 

1.0 

— 

— 

12 

H(6,  5) 

0.6 

- 

— 

— 

— 

13 

H(5,  4) 

0.8 

- 

— 

— 

— 

Total 

58.5 

52.2 

31.6 

1 

P(8,  3) 

21.1 

P(5,  2) 

18.7 

P(5,  3) 

22.0 

2 

Z(4,  5) 

7.7 

P(6,  5) 

13.8 

AP(5,  2) 

7.0 

3 

Z(6,  3) 

8.4 

P(8,  5) 

2.7 

H(4,  5) 

4.7 

4 

Z(5,  4) 

5.7 

P(l.  1) 

2.6 

P(2,  3) 

2.7 

5 

P(8,  5) 

3.1 

H(4,  3) 

1.7 

P(6,  5) 

2.0 

36 

6 

H(5,  4) 

2.2 

Z(6,  5) 

4.8 

AP(6,  3) 

1.5 

7 

P(4,  5) 

2.6 

AZ(7,  2) 

1.6 

— 

8 

Z(3,  2) 

2.4 

AP(4,  3) 

1.3 

- 

— 

9 

e 

2.5 

H(2,  3) 

1.0 

- 

— 

10 

H(6,  5) 

1.3 

e 

1.2 

— 

— 

11 

P(5,  2) 

1.2 

Z(9,  1) 

0.7 

- 

— 

12 

- 

1  - 

H(9,  1) 

1.4 

- 

— 

Total 

58.2 

51.5 

39.9 
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TABLE  VIII 
(b)  Exp.  2 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V" 

18.3 

U' 

26.3 

AZ(6,  3) 

13.9 

2 

P(7,  2) 

10.3 

V' 

6.6 

V 

7.6 

3 

P(8,  5) 

3.7 

P(6,  5) 

4.3 

*1 

6.7 

4 

P(5,  4) 

3.5 

AP(4,  3) 

2.8 

o 

s=- 

<1 

2.7 

5 

P(6,  3) 

4.2 

P(5,  2) 

3.2 

AP(4,  3) 

1.4 

6 

AZ(6,  5) 

2.3 

AZ(6,  5) 

1.6 

- 

- 

12 

7 

AZ(6,  3) 

1.9 

H(6,  5) 

1.6 

- 

- 

8 

^0 

1.5 

AZ(5,  2) 

1.2 

- 

- 

9 

AP(5,  2) 

2.0 

Z(5,  2) 

1.2 

- 

- 

10 

AZ(8,  5)  1 

1.8 

Z(5,  4) 

1.8 

- 

- 

11 

% 

1.1 

AZ(5,  2) 

1.5 

- 

- 

12 

Z(3,  2) 

1.0 

a2(5,  4) 

1.1 

- 

- 

13 

H(7,  2) 

1.8 

^5 

0.8 

- 

- 

14 

- 

P(6,  3) 

1.0 

- 

- 

Total 

53.4 

55.0 

32.3 

1 

P(7,  2) 

20.0 

IT 

24.1 

V 

17.4 

2 

V' 

9.2 

V" 

8.4 

AZ(6,  3) 

12.2 

3 

P(8,  5) 

5.8 

P(6,  5) 

5.8 

J2 

10.3 

4 

P<5,  4) 

5.4 

P(5,  2) 

4.6 

Ar>o 

2.8 

5 

^5 

5.2 

AZ(5,  2) 

2.9 

*0 

1.9 

6 

AZ(8,  5) 

2.2 

H(6,  5) 

2.0 

H(l,  1) 

1.6 

24 

7 

AP(5,  2) 

1.7 

AZ(6,  5) 

2.8 

AZ(6,  3) 

1.2 

8 

P(6,  3) 

1.8 

Z(5,  2) 

3.3 

AZ(6,  5) 

0.8 

9 

P(2,  5) 

1.4 

AZ(5,  4) 

2.1 

AP(5,  2) 

1.0 

10 

IT 

1.1 

P(6,  3) 

1.1 

- 

- 

11 

AZ(6,  5) 

1.2 

AA 

T 

0.8 

- 

- 

12 

Z(8,  3) 

0.9 

P(7,  2) 

0.7 

- 

13 

Z(3,  2) 

1.8 

P(5,  3) 

1.0 

- 

- 

Total 

57.7 

59.6 

49.2 

1 

P(8,  3) 

21.1 

IT 

]  20.0 

P(5,  3) 

22.0 

2 

V ' 

8.7 

V" 

7.6 

AZ(6,  3) 

18.4 

3 

a^t 

4.1 

P(6,  5) 

6.2 

U' 

6.8 

4 

Z(4,  5) 

3.3 

P(5,  2) 

5.9 

P(5,  4) 

2.3 

5 

Z(7,  2) 

4.6 

AZ(5,  2) 

3.1 

P(2,  3) 

1.7  ; 

6 

P(8,  5) 

3.4 

P(8,  5) 

3.0 

AZ(6,  5) 

1.2 

36 

7 

AZ(8,  5) 

3.0 

- 

- 

AP(4,  3) 

1.2 

8 

AZ(7,  2) 

2.2 

- 

- 

Z(6,  3) 

1.4 

9 

AZ(6,  5) 

1.4 

- 

- 

- 

—  | 

10 

Z(5,  4) 

1.6 

- 

- 

- 

- 

11 

Z(6,  3) 

1.5 

- 

- 

- 

- 

12 

AZ(6,  3) 

1.3 

- 

- 

- 

- 

13 

AZ(5,  4) 

1.8 

- 

- 

- 

- 

Total 

58.0 

45.8 

55.0 
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TABLE  IX 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR  EUROPEAN 


SUMMER  CYCLONES 
(a)  Exp.  1 


Forecast 

interval, 

hr 

N 

E 

D 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

H(6,  3) 

9.0 

P(6,  5) 

6.2 

9.1 

2 

Z(5,  4) 

16.0 

AP(4,  3) 

3.5 

AZ(4,  3) 

6.7 

3 

H(3,  2) 

4.6 

AP(5,  2) 

4.9 

P(3,  2) 

2.9 

4 

Z(5,  2) 

3.5 

P(5,  2) 

2.7 

Z(5,  4) 

2.3 

12 

5 

AP(5,  4) 

2.9 

Z(8,  3) 

2.6 

AP(5,  4) 

3.3 

6 

P<8,  5) 

2.6 

Z(5,  2) 

1.8 

Z(5,  2) 

2.6 

7 

AP(5,  2) 

2.4 

Z(5,  4) 

5.5 

— 

— 

8 

H(5,  4) 

1.6 

Z(6,  3) 

2.4 

— 

— 

9 

Z(7,  2) 

1.8 

*1 

2.2 

— 

— 

10 

- 

- 

Z(7 ,  2) 

2.8 

I 

— 

— 

Total 

44.4 

34.6 

27.9 

1 

H(6,  3) 

10.1 

Z(6,  5) 

7.9 

P(5,  3) 

16.6 

2 

Z(5,  4) 

19.7 

Z(5,  2) 

7.9 

AP(5,  4) 

6.6 

3 

H(3,  2) 

5.4 

Z(6,  3) 

10.1 

P(6,  5) 

8.1 

24 

4 

P(8,  5) 

3.8 

AP(4,  3) 

1.7 

AZ(5,  2) 

2.5 

5 

Z(5,  2) 

3.1 

P(l,  7) 

1.6 

AP(2,  3) 

2.0 

6 

- 

- 

X1 

1.1 

Z(5,  4) 

1.7 

7 

— 

- 

Z(7,  2) 

1.8 

Z(l,  1) 

1.8 

8 

- 

- 

- 

- 

P(l.  4) 

1.5 

Total 

42.1 

32.1 

40.8 

1 

H(6,  3) 

8.6 

Z(6,  5) 

8.8 

P(5,  3) 

25.9 

2 

Z(5,  4) 

19.2 

Z(5,  2) 

11.4 

P(6,  5) 

5.8 

3 

H(3,  2) 

4.6 

Z(6,  3) 

8.5 

AP(5,  4) 

4.5 

4 

P(8,  5) 

4.1 

AZ(4,  3) 

3.3 

AP(2,  3) 

2.0 

5 

Z(5,  2) 

2.2 

AZ(7,  6) 

2.6 

AP(3,  6) 

2.3 

36 

6 

H(7,  2) 

1.8 

Z(2,  3) 

2.3 

Z(9,  7) 

1.8 

7 

AP(5,  4) 

1.5 

Z(7,  2) 

1.9 

AZ(5,  2) 

1.4 

8 

AP(3,  6) 

1.2 

X1 

1.7 

P(l,  4) 

0.9 

9 

AP(7,  2) 

1.3 

AH(5,  2) 

1.8 

Z(5,  4) 

1.0 

10 

P(9,  7) 

0.9 

- 

- 

Z<1,  1) 

2.3 

11 

e 

0.9 

- 

- 

— 

12 

P(5,  6) 

1.1 

- 

’  - 

— 

1  ~ . . 

Total 

47.4 

42.3 

47.9 
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TABLE  IX 


(b)  Exp.  2 


Forecast 

N 

E 

D 

interval, 

hr 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V" 

18.2 

IT 

17.5 

AZ(6,  3) 

13.1 

2 

AP(5,  4) 

4.9 

AZ(5,  2) 

5.1 

l2 

15.1 

3 

Z(7,  2) 

4.3 

V 

4.2 

4.9 

4 

AZ(7,  2) 

4.5 

Z(6,  5) 

1.5 

AZ(5,  4) 

3.3 

12 

5 

Z(5,  4) 

6.1 

Z(5,  2) 

1.6 

Z(5,  4) 

2.9 

6 

AZ(5,  4) 

3.8 

Z(6,  3) 

4.9 

Z(2,  3) 

2.7 

7 

AZ(5,  2) 

2.2 

h 

1.6 

- 

- 

8 

P(5,  4) 

1.8 

AP(3,  2) 

1.7 

- 

- 

9 

P(5,  2) 

4.1 

AZ(7,  2) 

1.9 

- 

- 

10 

AZ(6,  3) 

1.5 

- 

- 

- 

- 

Total 

51.4 

40.0 

42.0 

1 

V' 

21.4 

13.3 

AZ(5,  4) 

18.0 

2 

A2(5,  4) 

7.0 

AZ(5,  2) 

6.5 

U" 

13.4 

3 

P(5,  4) 

5.7 

V 

5.8 

l2 

8.5 

4 

P(5,  2) 

5.9 

Z(6,  5) 

3.0 

AZ(6,  3) 

14.3 

24 

5 

AZ(6,  3) 

5.4 

Z(5,  2) 

2.0 

% 

1.2 

6 

U' 

3.8 

Z(6,  3) 

4.6 

P(2,  3) 

1.5 

7 

AZ(5,  2) 

4.0 

- 

- 

- 

- 

8 

Z(7,  2) 

2.7 

- 

- 

- 

- 

9 

H(3,  2) 

3.4 

- 

- 

- 

- 

10 

AZ(7,  2) 

2.1 

- 

- 

- 

- 

Total 

61.4 

35.2 

56.9 

1 

V" 

17.6 

U' 

14.8 

P(5,  3) 

25.9 

2 

AZ(5,  4) 

7.8 

AZ(5,  2) 

9.0 

AZ(6,  3) 

17.4 

3 

P(5,  4) 

5.1 

V2 

5.5 

AZ(5,  4) 

7.9 

4 

IT 

5.2 

Z(6,  5) 

3.1 

P(6,  5) 

5.7 

5 

AZ(5,  2) 

6.2 

Z(5,  2) 

4.2 

J2 

2.4 

6 

Z(8,  3) 

4.1 

Z(6,  3) 

5.0 

U" 

2.7 

36 

7 

H(3,  2) 

4.2 

X1 

1.8 

^5 

1.1 

8 

Z(6,  3) 

3.1 

AZ(6,  5) 

2.0 

AP(3,  6) 

0.9 

9 

AZ(6,  3) 

1.6 

- 

- 

P(l,  4) 

0.9 

10 

Z(5,  4) 

1.4 

- 

- 

AZ(3,  2) 

1.2 

11 

- 

- 

- 

Z(9,  7) 

0.9 

12 

- 

- 

- 

- 

Z(l,  1) 

0.6 

13 

- 

- 

- 

- 

Z(5,  4) 

1.1 

Total 

56.3 

45.4 

68.7 

22 


predictor  combination  of  Z(6,5)  and  Z(5,2)  was  selected  for  24-  and  36-hi  intei- 
vals  and  can  be  considered  as  representing  steering.  For  central  pressure,  the 
initial  intensity  (12  hr)  and  the  initial  central  pressure  (24  and  36  hr)  were  selected 
first  and  related  initially  deep  or  intense  cyclones  to  little  further  intensification. 

With  Exp.  2  predictors,  the  steering  terms  were  selected  first  for  all  displace¬ 
ment  predictands  |Table  IX  (b)l-  Note  that  the  percent  reduction  of  variance  is  much 
larger  for  Exp.  2  than  Exp.  1  in  the  cases  of  northward  displacement  and  change  in 
central  pressure. 

O.i  independent  data  (Table  VII)  for  Europe,  the  rms  errors  are  smaller  for 
Exp.  2  than  Exp.  1  for  all  nine  predictands,  with  the  most  impressive  differences  being 
36-hr  eastward  displacement  and  24-  and  36-hr  change  in  pressure.  Both  experiments 
yielded  results  superior  to  climatology. 

12.  Eurasian  Summer  Cyclones 

The  predictors  selected  for  Exp.  1  [Table  X  (a)]  show  a  similarity  to  those  selected 
for  North  American  cyclones  [see  Table  VI  (a)].  Except  for  12-hr  northward  displace¬ 
ment,  a  steering  predictor  combination  is  selected  first:  Z(7,2)  and  Z(4,3)  for  northward 
displacement,  and  the  combination  of  Z(6,5)  and  Z(5,2)  for  eastward  displacement.  For 
central  pressure  change,  the  initial  intensity  and  the  initial  central  pressure  are  of 
importance. 

Using  Exp.  2  predictors,  the  explicit  steering  components  U'  and  V  are  selected 
first  for  all  displacement  predictands;  this  was  also  the  case  with  North  America. 

The  24-hr  forecast  of  500-mb  height  change  one  grid  interval  to  the  east  of  the  cyclone 
was  selected  first  for  24-hr  change  in  central  pressure  and  second  for  that  predictand 
for  12-  and  36-hr  intervals. 

On  independent  data  the  differences  between  the  two  experiments  seem  small; 
however,  there  is  evidence  of  considerable  improvement  over  climatology. 

13.  Asian  Summer  Cyclones 

With  Exp.  1  predictors  [Table  XI  (a)]  we  find  that  P(8,3)  is  selected  fiist  for  all 
three  forecast  intervals  for  northward  displacement.  This  predictor,  located  three 
grid  intervals  to  the  east  of  the  cyclone,  has  a  regression  coefficient  (see  the  Appendix) 
such  that  high  pressure  in  that  region  indicates  large  northward  cyclone  displacement. 
This  relationship  is  apparently  strong  enough  to  have  P(8,3)  selected  first  in  preference 
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TABLE  X 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR  EURASIAN 


SUMMER  CYCLONES 
(a)  Exp.  1 


Forecast 

Order  of 

N 

E 

D 

interval, 

hr 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

AP(5,  2) 

5.7 

Z(6,  5) 

11.7 

J1 

9.2 

2 

AP(6,  3) 

4.3 

Z(5,  2) 

8.3 

P(4,  3) 

2.9 

12 

3 

H(l,  7) 

3.2 

Z(5,  4) 

5.6 

AZ(5,  2) 

3.1 

4 

Z(4,  3) 

4.2 

Z(4,  3) 

4.0 

H(l,  7) 

3.8 

5 

Z(6,  3) 

12.8 

- 

- 

Z(8,  5) 

4.8 

6 

Z(5,  4) 

3.1 

- 

- 

- 

- 

Total 

33.3 

29.6 

23.8 

1 

Z(7,  2) 

8.6 

Z(6,  5) 

15.2 

h 

11.0 

2 

Z(4,  3) 

14.7 

Z(5,  2) 

15.2 

Z(8,  5) 

4.6 

3 

Z(6,  3) 

8.5 

Z(5,  4) 

4.5 

Z(5,  2) 

6.1 

4 

Z(2,  3) 

2.4 

Z(4,  3) 

2.3 

AZ(5,  2) 

3.1 

5 

AZ(5,  4) 

2.1 

P(2,  3) 

1.8 

Z(2,  5) 

2.9 

6 

- 

- 

H(3,  2) 

1.6 

H(5,  4) 

3.9 

24 

7 

- 

- 

P(9,  7) 

1.1 

AP(5,  4) 

3.0 

8 

- 

- 

AP(4,  3) 

1.0 

- 

- 

9 

- 

- 

Z(8,  5) 

0.9 

- 

- 

10 

- 

- 

P(6»  5) 

0.9 

- 

- 

11 

- 

- 

P(5,  3) 

0.9 

- 

- 

12 

- 

- 

P(6,  3) 

1.4 

- 

- 

13 

- 

- 

P(7,  2) 

1.6 

- 

- 

Total 

36.3 

48.4 

34.6 

1 

Z(7,  2) 

9.2 

Z(6,  5) 

17.5 

P(5,  3) 

15.8 

2 

Z(4,  3) 

14.4 

Z(5,  2) 

15.7 

Z(8,  5) 

3.9 

3 

Z(6,  3) 

6.3 

H(5,  4) 

3.5 

P(5,  2) 

5.7 

36 

4 

H(2,  5) 

3.8 

P(2,  3) 

2.7 

H(l,  7) 

3.7 

5 

Z(5,  4) 

3.7 

- 

- 

AZ(4,  3) 

2.3 

6 

AZ(5,  4) 

2.2 

- 

- 

- 

- 

7 

r2 

1.8 

- 

- 

- 

- 

8 

Z(8,  5) 

1.8 

- 

- 

- 

- 

Total 

43.2 

39.4 

31.4 

24 


TABLE  X 


(b)  Exp.  2 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V" 

20.2 

IT 

20.2 

h 

9.2 

2 

H(l,  7) 

3.6 

4.1 

AZ(6,  3) 

12.2 

3 

AP(5,  2) 

2.4 

Z(6,  5) 

4.1 

U" 

5.1 

12 

4 

Z(5,  4) 

2.3 

P(2,  3) 

2.7 

AZ(1,  1) 

2.8 

5 

Z(6,  3) 

2.9 

- 

- 

Z(2,  5) 

2.4 

6 

AZ(5,  4) 

2.0 

- 

- 

- 

- 

7 

AZ(5,  2) 

2.3 

- 

- 

- 

- 

Total 

35.7 

31.1 

31.7 

1 

V' 

25.2 

U' 

27.2 

AZ(6,  3) 

12.9 

2 

H(l,  7) 

4.5 

Z(6,  5) 

4.9 

*2 

19.4 

3 

AZ(5,  4) 

2.4 

AZ(5,  2) 

3.0 

IT 

5.9 

4 

AZ(5,  2) 

2.3 

Arp 

3.2 

AZ(5,  4) 

3.0 

24 

5 

Z(5,  4) 

2.4 

P(2,  3) 

2.7 

3.4 

6 

Z(8,  3) 

3.4 

P(5,  3) 

2.3 

Z(2,  5) 

2.0 

7 

- 

- 

- 

- 

AZ(3,  6) 

1.7 

8 

- 

- 

- 

- 

H(6,  3) 

1.4 

9 

- 

- 

- 

At]5 

1.4 

Total 

40.2 

43.3 

51.1 

1 

V' 

22.6 

IT 

27.1 

P(5,  3) 

15.8 

2 

AZ(5,  4) 

5.6 

Z(6,  5) 

6.3 

AZ(6,  3) 

13.3 

3 

P(5,  4) 

3.6 

AZ(5,  2) 

3.5 

h 

8.1 

4 

Z(8,  3) 

3.3 

Z(5,  2) 

3.1 

ir 

4.2 

5 

P(7,  2) 

4.4 

Z(8,  5) 

2.0 

AZ(5,  4) 

3.4 

36 

6 

h 

2.0 

Arp 

1.7 

^5 

2.9 

7 

AZ(7,  2) 

2.1 

P(2,  3) 

1.7 

Z(2,  5) 

1.4 

8 

H(2,  5) 

1.6 

P(5,  3) 

1.4 

Z(8,  5) 

2.1 

9 

H(5,  4) 

2.3 

H(6,  5) 

1.8 

- 

- 

10 

AZ(5,  4) 

1.5 

- 

- 

- 

- 

11 

AZ(5,  2) 

1.3 

- 

- 

- 

- 

12 

P(6,  3) 

1.5 

- 

- 

- 

- 

Total 

51.8 

48.6 

51.2 

25 


TABLE  XI 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR  ASIAN 
SUMMER  CYCLONES 

(a)  Exp.  1 


Forecast 

interval, 

hr 

N 

E 

D 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

P(8,  3) 

15.0 

AP(6,  3) 

6.2 

AP(5,  2) 

5.1 

2 

AP(5,  4) 

6.2 

P(5,  2) 

4.7 

P(5,  3) 

6.5 

3 

H(6,  3) 

3.2 

P(6,  3) 

4.8 

AP(6,  3) 

3.2 

4 

Z(4,  5) 

6.8 

Z(6,  5) 

2.1 

AZ(5,  4) 

1.3 

12 

5 

Z(3,  2) 

1.5 

Z(5,  2) 

6.2 

- 

- 

6 

Z(7,  2) 

2.2 

e 

1.6 

— 

— 

7 

- 

AZ(4,  3) 

1.8 

- 

— 

8 

- 

Z(5,  4) 

2.1 

- 

— 

9 

- 

Z(4,  3) 

1.2 

- 

- 

Total 

34.9 

30.7 

16.1 

1 

P(8,  3) 

20.2 

e 

6.9 

P<5,  3) 

7.6 

2 

AP(5,  4) 

5.3 

Z(6,  5) 

15.5 

AP(5,  2) 

9.9 

3 

11(6,  3) 

3.7 

Z(5,  2) 

5.6 

AP(6,  3) 

4.7 

4 

Z(5,  4) 

9.4 

AP(6,  3) 

3.0 

AH (3,  2) 

1.3 

24 

5 

P(6,  3) 

2.1 

AZ(4,  3) 

3.0 

H(l»  7) 

0.9 

6 

Z(6,  5) 

1.6 

Z(6,  3) 

1.9 

H(7,  2) 

1.5 

7 

e 

1.4 

Z(7,  2) 

1.1 

Z(5,  4) 

3.5 

8 

Z(3,  2) 

2.1 

Z(l,  1) 

1.3 

AP(4,  3) 

1.2 

9 

Z(8,  5) 

1.2 

Z(4,  5) 

0.8 

- 

- 

10 

H(l,  7) 

1.1 

Z(4,  3) 

1.5 

— 

— 

Total 

48.1 

40.6 

30.6 

1 

P(8,  3) 

21.3 

0 

8.6 

P(5,  3) 

10.8 

2 

e 

6.6 

Z(6,  5) 

15.9 

AP(5,  2) 

8.2 

3 

P(5,  3) 

4.7 

Z(5,  2) 

6.3 

AP(6,  3) 

4.8 

4 

H(4,  5) 

1.6 

AP(6,  3) 

2.3 

A!  I  (3 ,  2) 

1.5 

5 

Z(7,  2) 

5.2 

P(2,  3) 

2  1 

H(l,  7) 

1.5 

36 

6 

Z(8,  5) 

3.2 

H(5,  2) 

3.4 

H(7,  2) 

1.4 

7 

Z(3,  2) 

3.5 

AP(2,  3) 

1.4 

Z(5,  4) 

2  9 

8 

AP(3,  6) 

0.8 

P(6,  3) 

0.9 

- 

— 

9 

Z(6,  3) 

0.8 

AZ(4,  3) 

0.7 

- 

10 

Z(5,  4) 

2.2 

Z(4,  5) 

0.6 

- 

- 

11 

- 

- 

Z(7,  2) 

0.6 

- 

- 

12 

- 

- 

H(6,  3) 

1.1 

- 

Total 

49.9 

43.9 

31.1 

26 


TABLE  XI 


(b)  Exp.  2 


Forecast 

interval, 

hr 

N 

E 

D 

Order  of 
selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

P(8,  3) 

15.0 

IT 

15.8 

AZ(6,  3) 

9.9 

2 

V' 

6.8 

Arp 

4.3 

P(5,  3) 

7.5 

3 

Z(7,  2) 

4.9 

AP(6,  3) 

4.5 

AP(5,  2) 

4.1 

4 

Z(4,  5) 

4.1 

AZ(4,  3) 

2.0 

AZ(5,  4) 

2.1 

12 

5 

AZ(7,  2) 

2.5 

AZ(5,  2) 

1.1 

AZ(5,  4) 

1.7 

6 

AP(5,  4) 

2.7 

Z(6,  5) 

1.4 

P(6,  3) 

1.6 

7 

P(5,  4) 

1.3 

Z(4,  3) 

2.1 

^ 0 

1.7 

8 

Z(9,  1) 

1.1 

AZ(6,  5) 

1.9 

— 

— 

9 

AZ(6,  5) 

1.0 

- 

— 

— 

— 

Total 

39.4 

33.1 

28.6 

1 

P(8,  3) 

20.2 

IT 

17.7 

AZ(6,  3) 

13.4 

2 

AZ(6,  5) 

7.8 

AP(6,  3) 

4.0 

P(5,  3) 

11.5 

3 

V' 

5.9 

P(5,  2) 

3.3 

AP(5,  2) 

6.1 

4 

e 

4.2 

P(6,  5) 

6.6 

AZ(6,  5) 

4.4 

5 

P(5,  4) 

2.7 

AZ(5,  2) 

3.3 

P(6,  3) 

1.3 

24 

6 

AZ(5,  4) 

1.8 

P(6,  3) 

1.9 

At?o 

2.1 

7 

AZ(5,  2) 

2.6 

AZ(6,  3) 

1.8 

P(8,  3) 

1.5 

8 

IT 

1.4 

V' 

1.8 

A^(7,  6) 

0.9 

9 

Z(8,  5) 

1.7 

Z(l,  1) 

1.2 

Z(5,  4) 

0.8 

10 

Z(3,  2) 

1.6 

AZ(5,  4) 

0.8 

H(7,  2) 

1.1 

11 

P(7,  2) 

1.1 

AH(5,  4) 

0.7 

AZ(5,  4) 

1.1 

12 

AZ(8,  5) 

1.4 

A2(6,  5) 

0.7 

- 

— 

13 

- 

- 

Z(6,  5) 

0.8 

- 

— 

14 

- 

- 

H(5,  4) 

3.2 

- 

— 

Total 

52.4 

47.8 

44.2 

1 

P(8,  3) 

21.3 

U' 

17.8 

a2(6,  3) 

11.0 

2 

AZ(6,  5) 

6.7 

AZ(5,  2) 

3.2 

P(5,  3) 

15.0 

3 

V' 

4.8 

Z(6,  5) 

4.0 

AZ(6,  5) 

5.3 

4 

e 

6.5 

Z(5,  2) 

7.6 

AP(5,  2) 

5.0 

5 

P(5,  4) 

1.9 

AZ(6,  5) 

3.6 

Z(6,  5) 

1.5 

6 

AZ(5,  4) 

1.4 

AZ(7,  2) 

2.9 

H(7,  2) 

3.2 

36 

7 

AZ(5,  2) 

2.1 

AZ(5,  4) 

2.6 

- 

— 

8 

U' 

1.2 

e 

2.0 

- 

— 

9 

Z(8,  5) 

2.2 

P(2,  3) 

1.2 

- 

— 

10 

H(5,  4) 

2.6 

H(5,  2) 

1.6 

— 

— 

11 

Z(6,  3) 

2.8 

- 

— 

— 

— 

12 

AZ(8,  5) 

1.4 

- 

— 

— 

— 

13 

Z(3,  2) 

1.4 

- 

— 

— 

Total 

56.3 

46.5 

41.0 

27 


to  V'  in  Exp.  2  [Table  XI  (b)].  Exp.l  eastward  displacement  for  24  and  36  hr  presents 
a  curious  situation  in  which  the  cyclone  latitude  is  selected  first  and  Z(6,5)  is  selected 
second.  Although  the  latitude  has  a  higher  correlation  with  eastward  displacement 
than  has  Z(6,5)  (by  definition  of  the  selection  process  of  the  screening  procedure),  the 
percent  reduction  of  variance  contributed  by  the  second  predictor  is  much  larger  than 
the  first.  This  means  that  although  the  correlation  between  the  predictand  and  Z(6,5) 
is  low,  it  becomes  high  when  considered  in  combination  with  the  latitude.  The  synoptic 
explanation  for  this  particular  predictor  combination  is  not  at  all  clear-cut. 

On  independent  data,  there  is  an  indication  of  slight  improvement  in  results  using 
Exp.  2  as  opposed  to  Exp.  1.  Here  again,  even  the  simple  predictors  of  Exp.l  yield 
results  superior  to  climatology. 

14.  Pacific  Summer  Cyclones 

Steering  is  an  important  consideration  in  this  area.  For  Exp.l  [Table  XII  (a)] 
the  predictor  combinations  Z(7,2)  and  Z(5,4)  for  northward  displacement  and  Z(5,2) 
and  Z (6,5)  for  eastward  displacement  occur  often.  With  Exp.  2  predictors,  IT  and 
V'  are  prominant.  For  central  pressure,  the  same  predictors  are  chosen  first  in  both 
experiments. 

Results  on  independent  data  show  there  is  little  advantage  in  using  Exp.  2  rather 
than  Exp.  1,  although  both  are  considerably  superior  to  climatology. 

15.  Atlantic  Winter  Cyclones 

In  this  analysis,  and  for  Eurasian  and  Pacific  winter  cyclones  as  well,  the  (K,L)- 
reference  point  for  the  cyclone  is  (5,4)  instead  of  (5,3).  For  Exp.  1  [Table  XIII  (a)],  the 
first  selected  predictor  for  northward  displacement  for  all  three  forecast  intervals  is 
P(5,6),  which  is  two  grid  intervals  north  of  the  cyclone  location  and  has  a  regression 
coefficient  which  is  negative.  This  implies  that  lower  pressures  to  the  north  of  a  cyclone 
are  conducive  to  northward  cyclone  displacement,  or  conversely,  higher  pressures  to 
the  north  are  inhibitive  to  northward  cyclone  displacement.  The  first  two  predictors 
selected  for  eastward  displacement  for  two  of  the  three  forecast  intervals  are  Z(5,2) 
and  Z(7,6)  with  Z(6,5)  being  selected  second  for  the  12-hr  lag. 

Although  these  predictor  combinations  are  suggestive  of  steering  components, 
the  characteristic  increase  in  percent  reduction  of  variance  with  the  selection  of  the 
second  predictor  is  missing.  For  the  central  pressure  predictand  the  initial  intensity 
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TABLE  XII 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR 
PACIFIC  SUMMER  CYCLONES 

(a)  Exp.  1 


Forecast 

interval, 

hr 

N 

E 

D 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

AP(5,  4) 

7.4 

Z(5,  2) 

16.9 

AP(5,  2) 

19.2 

2 

P(7,  2) 

9.0 

Z(6,  5) 

25.5 

*1 

6.5 

3 

P(3,  2) 

5.5 

P(6,  3) 

3.7 

AP(5,  4) 

4.3 

4 

AP(3,  2) 

4.1 

P(4,  3) 

3.7 

AH(6,  3) 

3.1 

5 

H(6,  3) 

3.6 

Z(5,  4) 

1.5 

AZ(4,  3) 

1.9 

12 

6 

H(4,  3) 

10.4 

P(2,  3) 

1.8 

- 

— 

7 

Z(5,  4) 

3.7 

H(4,  3) 

1.2 

— 

— 

8 

Z(6,  3) 

3.2 

H(2,  3) 

1.2 

— 

— 

9 

Z(8,  3) 

1.8 

H(5,  2) 

0.7 

— 

— 

10 

H(5,  4) 

1.5 

e 

1.1 

— 

— 

11 

- 

- 

AP(3,  2) 

0.9 

- 

— 

Total 

50.2 

58.2 

35.0 

1 

Z(7,  2) 

10.5 

P(7,  6) 

20.2 

AP(5,  2) 

26.2 

2 

Z<5,  4) 

20.4 

Z(5,  2) 

11.1 

h 

9.6 

3 

Z(6,  3) 

10.7 

Z(6,  5) 

17.4 

H(5,  2) 

5.0 

4 

Z(3,  2) 

5.1 

Z(6,  3) 

2.4 

AP(5,  4) 

3.2 

5 

P(7,  6) 

2.7 

Z(4,  3) 

2.0 

H(5,  4) 

2.8 

24 

6 

H(3,  2) 

1.6 

d 

1.2 

AP(4,  3) 

1.7 

7 

P(3,  6) 

1.3 

Z(2,  3) 

1.0 

AH(5,  2) 

1.5 

8 

AH(7,  2) 

1.2 

Z(5,  4) 

1.4 

AZ(4,  5) 

0.7 

9 

AH(5,  4) 

1.0 

P(6,  3) 

1.1 

H(l,  1) 

0.6 

10 

H(2,  5) 

0.7 

H(5,  2) 

1.8 

AH(6,  3) 

0.7 

11 

Z(l,  4) 

1.3 

- 

- 

AZ(7,  2) 

0.9 

12 

Z(6,  5) 

0.9 

- 

- 

— 

— 

Total 

57.4 

59.6 

52.9 

1 

Z(7,  2) 

13.3 

P(7,  6) 

22.4 

Z(5,  2) 

31.4 

2 

Z(5,  4) 

19.8 

Z(5,  2) 

11.2 

AP(5,  2) 

9.7 

3 

Z(6,  3) 

8.8 

Z(6,  5) 

15.6 

h 

6.2 

4 

P(3,  2) 

4.5 

Z(4,  3) 

2.0 

AZ(4,  3) 

2.9 

5 

P(8,  5) 

2.8 

Z(6,  3) 

1.6 

Z(5,  4) 

1.6 

36 

6 

P(2,  5) 

2.1 

P(l.  1) 

1.4 

AP(7,  2) 

2.2 

7 

Z(2,  5) 

1.1 

AP(3,  2) 

1.0 

AH(4,  5) 

0.8 

8 

Z(l,  4) 

1.1 

H(4,  5) 

0.9 

H(l,  1) 

0.9 

9 

- 

- 

AP(5,  2) 

0.7 

P(5,  3) 

0.9 

10 

- 

- 

P(6,  3) 

0.8 

AH(4,  3) 

1.0 

11 

- 

- 

H(5,  2) 

1.4 

P(7,  2) 

0.8 

12 

- 

- 

- 

- 

AP(6,  3) 

1.1 

Total 

53.5 

59.0 

59.5 

29 


TABLE  XII 


(b)  Exp.  2 


Forecast 

interval, 

hr 

N 

E 

6 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V' 

23.8 

IT 

30.7 

AP(5,  2) 

19.2 

2 

AZ(6,  5) 

5.4 

Arp 

8.1 

AZ(6,  3) 

6.9 

3 

P(7,  2) 

5.3 

V" 

5.5 

J1 

9.0 

4 

P(3,  2) 

4.9 

Z(6,  5) 

3.6 

AZ(5,  4) 

4.7 

5 

Z(4,  5) 

1.9 

Z(5,  2) 

3.6 

V 

3.3 

12 

6 

H(8,  3) 

3.0 

AZ(6,  5) 

2.6 

AP(4,  3) 

1.4 

7 

AP(5,  4) 

1.9 

AZ(7,  2) 

1.8 

P(5,  4) 

1.1 

8 

AZ(6,  3) 

1.6 

AZ(5,  4) 

1.5 

AZ(5,  2) 

1.0 

9 

ir 

1.6 

e 

1.0 

H(9,  4) 

1.1 

10 

AH(4,  3) 

1.0 

P(2,  3) 

1.0 

- 

- 

11 

P(5,  4) 

0.9 

- 

- 

- 

12 

P(6,  3) 

1.4 

- 

Total 

52.7 

59.4 

47.7 

1 

V' 

22.4 

IT 

32.7 

AP(5,  2) 

26.2 

2 

U* 

5.8 

V' 

7.5 

V 

10.4 

3 

AZ(5,  2) 

8.2 

Z(6,  5) 

5.3 

h 

9.1 

4 

AZ(5,  4) 

5.8 

Z(4,  3) 

6.2 

AZ(6,  3) 

9.4 

5 

P(7,  2) 

3.0 

AZ(6,  5) 

6.1 

AZ(5,  4) 

3.8 

6 

P(5,  4) 

4.1 

AZ(5,  4) 

3.8 

H(3,  2) 

1.1 

7 

AZ(6,  3) 

2.6 

AZ(6,  3) 

1.9 

Z(5,  4) 

1.1 

24 

8 

Z(6,  3) 

1.3 

^0 

1.6 

AP(4,  3) 

1.3 

9 

Z(5,  4) 

5.2 

AZ(5,  2) 

1.2 

- 

- 

10 

AZ(6,  5) 

1.2 

Z(5,  2) 

1.3 

- 

— 

11 

e 

1.0 

Arp 

0.8 

- 

- 

12 

P(3,  2) 

0.7 

- 

- 

13 

P(2,  5) 

0.8 

- 

- 

- 

- 

14 

AZ(5,  2) 

0.6 

- 

- 

- 

15 

AZ(6,  3) 

0.7 

Total 

63.4 

68.4 

62.4 

1 

V 

17.2 

IT 

31.1 

Z(5,  2) 

31.4 

2 

P(8,  3) 

9.4 

P(7,  6) 

7.5 

AZ(6,  3) 

11.6 

3 

P(3,  2) 

6.8 

V' 

6.0 

9.8 

4 

AZ(6,  5) 

4.6 

AZ(4,  3) 

3.2 

V 

6.4 

5 

V" 

3.8 

% 

3.8 

AP(5,  2) 

3.6 

6 

AZ(5,  2) 

2.7 

Z(6,  5) 

3.1 

AZ(4,  3) 

2.8 

7 

P(2,  5) 

1.6 

AZ(6,  5) 

3.7 

H(3,  2) 

1.1 

36 

8 

Z(7,  2) 

1.1 

Z(4,  3) 

4.9 

AZ(5,  4) 

1.4 

9 

Z(4,  5) 

3.5 

Z(2,  3) 

1.6 

H(5,  4) 

0.8 

10 

Z(8,  5) 

1.7 

AZ(6,  3) 

1.3 

AZ(4,  5) 

0.7 

11 

AZ(8,  5) 

1.6 

AZ(5,  4) 

1.7 

AZ(4,  3) 

0.8 

12 

H(5,  4) 

2.0 

AZ(5,  2) 

0.8 

- 

- 

13 

AZ(5,  4) 

1.5 

P(l,  7) 

0.6 

- 

- 

14 

Z(6,  3) 

1.2 

- 

— 

15 

Z(5,  4) 

2.7 

- 

- 

- 

Total 

61.4 

69.3 

70.4 
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TABLE  Xin 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR 
ATLANTIC  WINTER  CYCLONES 

(a)  Exp.  1 


Forecast 

interval, 

hr 

N 

E 

D 

selection 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

P(5,  6) 

19.6 

Z(5,  2) 

35.7 

*1 

12.2 

2 

P(8,  3) 

11.5 

Z(6,  5) 

16.8 

AP(5,  4) 

16.8 

3 

Z(6,  5) 

4.3 

Z(5,  4) 

2.7 

P(6,  3) 

3.8 

4 

Z(4,  5) 

8.1 

Z(5,  6) 

3.3 

P(5,  6) 

2.9 

5 

Z(6,  3) 

4.1 

Z(4,  3) 

1.4 

P(2,  5) 

2.1 

12 

6 

AP(4,  5) 

2.4 

Z(7,  2) 

2.0 

P(5,  4) 

1.2 

7 

P(5,  4) 

1.3 

AH(5,  4) 

0.7 

Z(4,  5) 

1.2 

8 

P(3,  2) 

0.9 

\ 

0.5 

Z(2,  3) 

1.4 

9 

AP(5,  2) 

0.8 

Z(2,  3) 

0.5 

AZ(1,  4) 

1.0 

10 

H(6,  3) 

1.0 

H(6,  5) 

0.4 

- 

— 

11 

H(7,  2) 

0.7 

H(5,  2) 

0.6 

- 

— 

Total 

54.7 

64.6 

42.6 

1 

P(5,  6) 

25.3 

Z(5,  2) 

34.4 

P(5,  4) 

23.8 

2 

P(8,  3) 

12.9 

Z(7,  6) 

16.9 

Z(5,  6) 

14.2 

3 

Z(6,  3) 

4.8 

Z(5,  6) 

3.3 

H(5,  2) 

5.8 

4 

Z(4,  5) 

3.7 

Z(4,  5) 

4.2 

AP(5,  4) 

2.3 

5 

Z(6,  5) 

5.3 

AZ(4,  3) 

1.1 

*2 

4.2 

24 

6 

AP(4,  5) 

1.6 

*2 

1.0 

P(2,  5) 

2.3 

7 

Z(8,  5) 

1.6 

H(8,  5) 

0.8 

P(3,  2) 

0.8 

8 

P(3,  2) 

1.4 

P(7,  2) 

0.8 

AP(4,  3) 

0.7 

9 

P(3,  6) 

0.7 

Z(6,  5) 

0.5 

Z(4,  5) 

0.9 

10 

- 

- 

Z(5,  4) 

0.6 

AP(7,  2) 

0.8 

11 

- 

- 

AZ(9,  7) 

0.4 

H(9,  7) 

0.5 

Total 

57.3 

64.0 

56.3 

1 

P(5,  6) 

24.4 

Z(5,  2) 

30.0 

P(5,  4) 

35.0 

2 

Z(6,  3) 

13.5 

Z(7,  6) 

15.7 

Z(5,  6) 

12.2 

3 

P(8,  5) 

5.9 

Z(8,  5) 

2.5 

H(5,  2) 

6.9 

4 

Z(4,  5) 

4.6 

P(6,  3) 

1.5 

AP(4,  3) 

2.1 

5 

Z(9,  1) 

2.2 

AZ(4,  3) 

1.3 

Z(4,  5) 

1.3 

6 

Z(3,  2) 

1.1 

H(7,  6) 

0.8 

P(2,  5) 

1.2 

7 

AP(4,  5) 

0.8 

H(5,  6) 

1.0 

AP(3,  2) 

0.7 

8 

P(3,  6) 

1.0 

Z(4,  5) 

1.7 

Z(7,  6) 

0.7 

9 

e 

0.6 

P(5,  6) 

1.0 

AP(6,  5) 

0.6 

10 

Z(5,  6) 

0.8 

Z(2,  3) 

1.0 

Z(3,  2) 

0.6 

11 

Z(6,  5) 

0.9 

- 

- 

P(4,  5) 

0.5 

12 

- 

- 

- 

- 

AP(5,  4) 

0.5 

13 

- 

- 

- 

- 

H(9,  7) 

0.4 

14 

- 

- 

- 

Z(5,  4) 

0.5 

15 

- 

- 

- 

- 

AP(7,  2) 

0.4 

Total 

55.8 

56.5 

63.6 
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TABLE  Xin 


(b)  Exp.  2 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V' 

19.7 

IT 

47.1 

IT 

15.4 

2 

P(5»  6) 

13.5 

P(7,  6) 

5.2 

*1 

10.1 

3 

Z(6,  3) 

5.6 

P(5,  2) 

4.2 

AP(5,  4) 

9.9 

4 

AZ(6,  3) 

4.0 

AZ(5,  4) 

3.1 

AZ(6,  5) 

4.0 

5 

3.2 

P(6,  5) 

1.1 

Arp 

1.7 

12 

6 

P(4,  5) 

2.6 

Z(5,  4) 

1.4 

AH(5,  6) 

1.1 

7 

AZ(6,  5) 

1.6 

H(5,  6) 

1.2 

AZ(5,  4) 

1.1 

8 

P(8,  5) 

1.3 

Z(7,  6) 

0.6 

P(3,  2) 

0.7 

9 

Z(4,  5) 

1.1 

Z(7,  2) 

0.6 

AP(4,  3) 

0.9 

10 

P(3,  6) 

1.0 

^0 

0.5 

Z(4,  5) 

0.8 

11 

AZ(5,  6) 

0.8 

AP(6,  3) 

0.5 

- 

- 

12 

- 

- 

A2(7,  6) 

0.6 

- 

- 

Total 

54.4 

66.1 

45.7 

1 

P(5,  6) 

25.3 

IT 

42.0 

'  U' 

32.3 

2 

P(8,  3) 

12.9 

P(7,  6) 

7.1 

h 

9.8 

3 

V 

5.1 

P(5,  2) 

5.6 

AZ(6,  5) 

7.4 

4 

P(7,  6) 

4.7 

AZ(5,  4) 

3.6 

AZ(6,  3) 

2.6 

5 

AZ(5,  6) 

3.2 

Z(5,  4) 

2.4 

AP(4,  3) 

1.2 

6 

P(3,  2) 

1.4 

H(5,  6) 

2.0 

P(3,  2) 

1.3 

24 

7 

Z(8,  5) 

1.2 

P(6,  5) 

1.7 

Z(5,  6) 

1.2 

8 

AP(4,  3) 

1.0 

AZ(7,  6) 

1.3 

Z(5,  2) 

1.1 

9 

P(6,  3) 

1.3 

Z(7,  6) 

1.4 

H(5,  4) 

0.6 

10 

AP(4,  5) 

1.4 

- 

- 

a2(5,  4) 

0.7 

11 

AZ(8,  5) 

0.6 

- 

- 

- 

- 

12 

Z(4,  5) 

0.9 

- 

- 

- 

- 

13 

H(7,  2) 

1.4 

- 

- 

- 

- 

Total 

60.4 

67.1 

58.2 

1 

P(5»  6) 

24.4 

ir 

32.9 

U" 

38.3 

2 

Z(6,  3) 

13.5 

P(7,  6) 

6.5 

*2 

12.7 

3 

P(8,  5) 

5.9 

P(5,  3) 

6.9 

AZ(6,  5) 

5.7 

4 

Z(4,  5) 

4.7 

AZ(5,  4) 

4.5 

AP(5,  2) 

2.0 

36 

5 

AZ(6,  3) 

3.0 

H(5,  4) 

2.0 

P(4,  3) 

1.9 

6 

AZ(5,  6) 

2.0 

H(5,  6) 

3.6 

AP(4,  3) 

1.2 

7 

Z(9,  1) 

1.6 

AZ(7,  6) 

2.0 

Z(5,  6) 

1.3 

8 

H(5,  6) 

1.3 

Z(7,  6) 

1.2 

- 

- 

9 

Z(5,  2) 

0.9 

% 

0.9 

- 

- 

10 

e 

1.6 

P(7,  2) 

1.2 

- 

- 

Total 

58.9 

61.7 

63.1 

32 


(12  hr)  and  central  pressure  (24  and  36  hr)  are  correlated  best. 

For  Exp.  2,  V'  is  selected  first  for  12-hr  northward  displacement  while  P(5,6) 
is  first  at  24  and  36  hr.  For  the  eastward  displacement  predictand,  U  is  selected  lirst 
for  all  three  forecast  intervals.  This  predictor  is  also  selected  first  for  all  three 
forecast  intervals  for  the  change-in-central  pressure  predictand.  Bailey  [  1  ]  also 
found  the  strength  of  the  wind  field  over  cyclones  to  be  an  important  factor  in  cyclone 
deepening.  Further,  synoptic  meteorologists  tend  to  associate  large  horizontal  tempera¬ 
ture  differences  with  cyclone  deepening,  and  one  implication  of  a  strong  zonal  thermal 

wind  is  the  presence  of  a  large  north-south  thermal  gradient. 

On  independent  data  (see  Table  XIV),  there  is  little  difference  between  the  two 
types  of  experiments.  Note,  however,  that  both  are  superior  to  climatology. 

16.  Eurasian  Winter  Cyclones 

For  Exp.l  [Table  XV  (a)]  the  first  predictor  selected  for  northward  displacement 
is  Z(7,2)  for  12  and  24  hr,  while  Z(8,3)  is  selected  first  for  36  hr.  Both  of  these  pi  e- 
dictors  have  positive  regression  coefficients  (see  the  Appendix)  which  indicates  that 
large  500-mb  heights  in  this  region  are  conducive  to  large  northward  cyclone  displace¬ 
ments.  For  eastward  displacement,  the  predictor  combination  of  Z(5,6)  and  Z(5,2)  is 
selected  first  for  12  and  24  hr.  The  locations  of  these  predictors  and  the  signs  of  their 
regression  coefficients  indicate  that  they  represent  the  zonal  steering  component.  For 
change  in  central  pressure,  a  function  of  the  initial  central  pressure  is  selected  first. 

Steering  components  (IT,  V')  are  selected  first  in  Exp.  2  for  all  six  displacement 
predictands.  The  central  pressure  predictand  has,  as  its  first  selected  predictor,  the 
cyclone  intensity,  the  forecast  of  24-hr  500-mb  height  change  at  the  initial  cyclone 
location,  and  the  initial  central  pressure,  for  12,  24,  and  36  hr,  respectively. 

On  independent  date  (Table  XIV)  there  are  only  small  improvements  made  by  Exp. 2. 
Again,  both  experiments  are  superior  to  climatology. 

17.  Pacific  Winter  Cyclones 

The  first  predictor  selected  for  Exp.  1  [Table  XVI  (a)]  is  H(6,5)  for  12-  and  24-hr 
northward  displacement,  while  Z(4,5)  is  selected  second.  Taken  together,  these  pie- 
dictors  represent  a  meridional  steering  component.  For  eastward  displacement,  the 
500-mb  height  at  grid  point  (5,2)  is  selected  first  for  all  three  forecast  intei'vals. 

This  predictor  is  located  two  grid  intervals  south  of  the  cyclone  location  and  cai  i  ies 
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TABLE  XV 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR  EURASIAN 
WINTER  CYCLONES 

(a)  Exp.  1 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

Z(7, 

2) 

24.2 

Z(5,  6) 

12.5 

l2 

10.6 

2 

Z<4, 

5) 

9.9 

Z(5,  2) 

15.1 

AP(5,  4) 

4.9 

12 

3 

Z(6, 

5) 

8.7 

Z(6,  5) 

6.0 

Z(l,  4) 

2.3 

4 

H(2, 

3) 

1.9 

Z(6,  3) 

3.2 

- 

- 

5 

Z(8, 

3) 

1.4 

H(3,  6) 

2.1 

- 

- 

6 

- 

- 

Z(4,  5) 

2.2 

- 

- 

Total 

46.1 

41.1 

17.8 

1 

Z(7, 

2) 

29.8 

Z(5,  6) 

14.9 

X2 

15.0 

2 

Z(4, 

5) 

9.3 

Z(5,  2) 

16.9 

Z(5,  2) 

5.1 

3 

Z(8, 

5) 

7.3 

Z(6,  5) 

9.1 

AP(5,  4) 

2.9 

4 

H(2, 

3) 

3.0 

Z(6,  3) 

2.7 

*1 

2.0 

24 

5 

H(6, 

5) 

1.7 

P(4,  3) 

2.6 

Z(2,  5) 

1.8 

6 

P(8, 

5) 

1.7 

Z(2.  5) 

2.4 

H(5,  4) 

1.8 

7 

AP(5, 

4) 

1.3 

Z(4,  5) 

1.9 

- 

- 

8 

e 

1.2 

e 

1.3 

- 

- 

9 

AP(5, 

2) 

1.1 

- 

- 

- 

- 

Total 

56.4 

51.8 

28.6 

1 

Z(8, 

3) 

33.1 

Z(7 ,  6) 

13.4 

P(5,  4) 

18.8 

2 

Z(4, 

5) 

8.7 

Z(5,  2) 

18.9 

P(5,  6) 

5.6 

3 

P(8, 

5) 

5.6 

Z(5,  6) 

6.8 

P(5,  2) 

3.8 

36 

4 

H(6, 

5) 

2.2 

Z(l,  4) 

3.0 

P(7,  6) 

1.7 

5 

H(2, 

3) 

1.3 

P(4,  3) 

2.8 

- 

- 

6 

0 

2.2 

H(9,  4) 

1.6 

- 

- 

7 

Z(5, 

6) 

1.2 

Z(6,  5) 

2.0 

- 

- 

8 

- 

- 

AH(4,  5) 

1.3 

- 

- 

Total 

54.3 

49.8 

29.9 
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TABLE  XV 


(b)  Exp.  2 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V" 

31.8 

IT 

16.2 

*2 

10.6 

2 

AZ(4,  3) 

5.7 

AZ(5,  4) 

13.6 

AZ(6,  5) 

9.4 

3 

AZ(6,  5) 

3.9 

Z(5,  6) 

6.4 

AZ(5,  4) 

3.3 

12 

4 

AZ(5,  2) 

2.9 

at 

3.2 

An5 

3.8 

5 

P(4,  5) 

1.6 

Z(5,  2) 

2.2 

- 

- 

6 

Z(6,  3) 

2.9 

Z(7,  6) 

2.5 

- 

- 

7 

H(2,  3) 

1.9 

- 

- 

- 

— 

Total 

50.7 

44.1 

27.1 

1 

V" 

36.0 

IT 

17.9 

AZ(5,  4) 

15.8 

2 

AZ(6,  5) 

6.7 

AZ(5,  4) 

16.8 

l2 

10.7 

3 

AZ(5,  2) 

5.4 

Z(5,  6) 

7.7 

AZ(6,  5) 

9.3 

24 

4 

Z(8,  3) 

3.2 

P(4,  3) 

3.9 

- 

- 

5 

P(5,  6) 

2.3 

Z(5,  2) 

2.1 

- 

- 

6 

- 

- 

Z(7,  6) 

4.7 

- 

- 

7 

- 

- 

AZ(7,  6) 

2.1 

- 

- 

8 

- 

- 

Z(7,  2) 

1.1 

- 

- 

9 

- 

- 

Z(2,  5) 

1.4 

- 

- 

Total 

53.6 

57.7 

35.8 

1 

V' 

33.6 

IT 

16.9 

P(5,  4) 

18.8 

2 

Z(8,  3) 

9.1 

AZ(5,  4) 

15.1 

AZ(5,  4) 

11.0 

3 

AZ(6,  5) 

4.3 

Z(7,  6) 

8.1 

P(5,  6) 

8.7 

4 

P(5,  6) 

3.8 

Z(5,  2) 

5.4 

AZ(6,  5) 

4.2 

5 

P(8»  5) 

1.9 

H(5,  6) 

3.6 

P(6,  5) 

2.4 

36 

6 

AZ(5,  2) 

1.7 

AZ(7,  6) 

2.6 

£x 

1.6 

7 

Z(4,  5) 

0.8 

AH(4,  5) 

1.7 

H(5,  2) 

1.7 

8 

d 

1.5 

P(4,  3) 

1.1 

0 

2.1 

9 

Z(3,  2) 

1.1 

H(8,  5) 

1.1 

- 

- 

10 

- 

- 

Z(3,  6) 

1.4 

- 

- 

Total 

57.8 

57.0 

50.5 

36 


TABLE  XVI 

PREDICTORS  SELECTED  BY  SCREENING  REGRESSION  FOR 
PACIFIC  WINTER  CYCLONES 

(a)  Exp.  1 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

H(6,  5) 

14.6 

Z(5, 

2) 

34.2 

!2 

15.5 

2 

Z<4,  5) 

16.5 

Z(6, 

5) 

14.2 

AP(5, 

4) 

19.2 

3 

Z(6,  3) 

12.4 

P(7, 

6) 

3.3 

Z(3, 

2) 

1.7 

4 

P(8,  5) 

4.4 

Z(5, 

6) 

1.2 

H(4, 

5) 

2.0 

5 

Z<3,  2) 

2.0 

Z(4, 

3) 

1.5 

H(6, 

3) 

1.6 

12 

6 

h 

0.7 

AP(6, 

5) 

1.0 

AZ(4, 

3) 

1.2 

7 

AP(2,  5) 

0.7 

Z(7, 

2) 

0.7 

- 

- 

8 

- 

- 

Z(2, 

5) 

0.8 

- 

- 

9 

- 

- 

P(8, 

3) 

0.7 

- 

- 

10 

- 

- 

P(4, 

5) 

0.9 

- 

- 

11 

- 

- 

Z(7, 

6) 

0.8 

- 

- 

Total 

51.3 

59.3 

41.2 

1 

H(6,  5) 

19.7 

Z(5, 

2) 

35.8 

Z(5, 

2) 

24.9 

2 

Z(4,  5) 

17.8 

P(7, 

6) 

13.1 

l2 

12.3 

3 

Z(6,  3) 

12.3 

H(5, 

6) 

3.9 

AP(5, 

4) 

10.6 

4 

P(8,  5) 

4.6 

Z(4, 

3) 

1.3 

AZ(4, 

3) 

1.6 

24 

5 

Z(3,  2) 

1.7 

P(6, 

5) 

1.2 

H(4, 

5) 

1.2 

6 

Z(8,  3) 

1.3 

P(5, 

4) 

1.0 

P(7, 

2) 

2.1 

7 

AP(2,  5) 

0.9 

AP(6, 

5) 

1.0 

Z(5, 

4) 

1.1 

8 

- 

- 

Z(7, 

2) 

0.6 

AP(6, 

3) 

0.7 

9 

- 

- 

P(8, 

5) 

0.8 

- 

- 

10 

- 

- 

Z(2, 

5) 

0.7 

- 

- 

Total 

58.3 

59.4 

54.5 

1 

Z(8,  5) 

23.3 

Z(5, 

2) 

32.5 

P(5, 

4) 

31.4 

2 

Z(4,  5) 

12.4 

P(7, 

6) 

11.2 

H(5, 

2) 

10.0 

3 

Z(6,  3) 

14.1 

P(4, 

5) 

4.6 

Z(4, 

5) 

5.7 

4 

H(6,  5) 

3.4 

H(5, 

6) 

1.7 

P(7, 

2) 

4.3 

36 

5 

AP(8,  5) 

1.8 

P(3, 

6) 

1.4 

AP(5, 

4) 

3.9 

6 

Z(3,  2) 

1.2 

AP(6, 

5) 

1.4 

P(6, 

5) 

2.6 

7 

AP(2,  5) 

0.9 

*2 

0.9 

P(6, 

3) 

1.1 

8 

Z(5,  6) 

0.7 

P(8, 

5) 

0.7 

P(3, 

6) 

0.7 

9 

- 

- 

Z(7, 

2) 

1.0 

- 

- 

10 

- 

- 

AP(2, 

3) 

0.6 

- 

- 

Total 

57.8 

56.0 

59.7 
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TABLE  XVI 


(b)  Exp.  2 


Forecast 

interval, 

hr 

Order  of 
selection 

N 

E 

D 

Predictor 

%  red. 

Predictor 

%  red. 

Predictor 

%  red. 

1 

V' 

26.8 

IT 

34.6 

V 

17.4 

2 

Z(8,  3) 

5.8 

P(7,  6) 

7.8 

l2 

12.8 

3 

Z(3,  6) 

4.0 

Z(5,  2) 

7.2 

AP(5,  4) 

9.3 

4 

AZ(6,  5) 

2.5 

Z(6,  5) 

2.9 

AZ(6,  5) 

5.1 

5 

AZ(6,  3) 

3.2 

AZ(5,  2) 

2.1 

P(2,  3) 

1.5 

6 

Z(6,  3) 

2.2 

Arj. 

1.3 

A\ 

1.3 

12 

7 

Z(4,  5) 

4.6 

AZ(7,  6) 

0.9 

- 

8 

- 

- 

Z(5,  6) 

0.6 

- 

- 

9 

- 

- 

Z(4,  5) 

0.7 

10 

- 

- 

Z(3,  6) 

1.1 

- 

- 

11 

- 

- 

AP(6,  3) 

0.7 

- 

- 

12 

- 

^0 

0.5 

- 

- 

13 

- 

- 

AZ(5,  4) 

0.8 

- 

- 

14 

- 

- 

AZ(6,  5) 

0.8 

Total 

49.1 

62.0 

47.4 

1 

V' 

29.2 

Z(5,  2) 

35.8 

Z(5,  2) 

24.9 

2 

Z(8,  5) 

9.1 

P(7 ,  6) 

13.1 

AZ(5,  4) 

13.8 

3 

P(5,  6) 

6.1 

H(5,  6) 

3.9 

^2 

7.2 

4 

P(8,  3) 

3.7 

AZ(7,  6) 

3.0 

AP(5,  4) 

6.9 

5 

H(2,  5) 

3.1 

AZ(5,  2) 

1.8 

AZ(6,  5) 

4.0 

6 

AZ(5,  6) 

2.8 

Z(4,  3) 

1.1 

V 

2.5 

24 

7 

AZ(6,  3) 

1.6 

AZ(5,  4) 

1.0 

Z(3,  2) 

2.1 

8 

Z<6,  3) 

2.5 

l2 

0.9 

H(5,  4) 

1.0 

9 

Z(4,  5) 

2.0 

Z(3,  6) 

0.8 

P(7,  2) 

1.3 

10 

AZ(8,  5) 

1.3 

AZ(9,  7) 

0.7 

11 

AZ(6,  5) 

1.1 

AZ(9,  4) 

0.7 

- 

12 

Z(5,  2) 

1.0 

P(4,  5) 

0.5 

— 

— 

13 

AP(2,  5) 

0.6 

P(8,  3) 

0.6 

- 

- 

14 

- 

- 

Z(7,  2) 

0.7 

- 

— 

Total 

64.1 

64.6 

63.7 

1 

V" 

27.5 

Z(5,  2) 

32.5 

P(5,  4) 

31.4 

2 

Z<8,  5) 

12.3 

P(7,  6) 

11.2 

V 

11.3 

3 

P(5,  6) 

7.5  * 

P(4,  5) 

4.6 

AZ(5,  4) 

6.4 

4 

H(2,  5) 

3.1 

A2(7,  6) 

2.9 

P(6,  5) 

4.4 

5 

AZ(8,  5) 

3.5 

H(7,  6) 

2.3 

AP(5,  4) 

4.3 

36 

6 

AZ(5,  6) 

2.5 

AZ(6,  3) 

1.8 

P(6,  3) 

4.1 

7 

U' 

2.3 

P(3,  6) 

1.0 

A2(6,  5) 

3.4 

8 

AZ(6,  3) 

2.1 

H(5,  6) 

0.8 

AP(5,  2) 

1.0 

9 

AZ(6,  5) 

1.0 

\ 

0.8 

Z(3,  2) 

0.5 

10 

AP(8,  5) 

0.6 

AZ(5,  4) 

0.8 

- 

11 

P(6,  3) 

0.4 

H(5,  4) 

0.9 

— 

- 

12 

P(5,  2) 

1.0 

- 

Total 

63.8 

59.6 

66.8 
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a  regression  coefficient  which  relates  large  500-mb  heights  in  this  region  to  large 
eastward  displacements. 

With  Exp.  2  [Table  XVI  (b)],  the  steering  components  are  selected  first  for 
four  of  the  six  displacement  predictands.  For  24-  and  36-hr  eastward  displacement, 
Z(5,2)  is  selected  first  as  was  the  case  in  Exp.  1.  The  12-hr  change-in-central  pressure 
predictand  finds  the  magnitude  of  the  thermal  wind  (V)  being  selected  first.  This  is 
indicative  of  the  association  of  cyclone  deepening  with  the  strength  of  the  wind  field 
(see  Section  15). 

On  independent  data  (Table  XIV),  there  again  appears  to  be  little  difference  be¬ 
tween  Exp.  1  and  Exp.  2.  Both  are  superior  to  climatology. 
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SECTION  VII 


CONCLUSIONS 

Equations  for  the  prediction  of  12-,  24-,  and  36-hr  cyclone  displacements  and 
changes  in  central  pressure  have  been  derived  for  six  summer-cyclone  and  three 
winter-cyclone  areas.  Where  applied  to  an  independent  data  sample,  the  equations 
remained  stable  and  yielded  results  superior  to  climatology. 

Equations  which  were  derived  using  a  number  of  complex  predictors  and  500-mb 
perfect  prognoses  were,  in  general,  slightly  superior  to  the  simple-type  equations.  In 
those  situations  where  the  difference  appears  to  be  appreciable,  such  as  some  of  the 
change-in-central-pressure  predictands,  an  evaluation  needs  to  be  conducted  to  assess 
the  loss  of  accuracy  when  operational  prognoses  are  substituted  for  perfect  prognoses. 
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APPENDIX 


PREDICTION  EQUATIONS 


APPENDIX 


PREDICTION  EQUATIONS 

The  prediction  equations  derived  from  the  regression  analysis  have  the  form 


Y  =  A  +  A  X  +  A  X  +  •••  +  A  X  , 
0  11  2  2  n  n 


(AI-1) 


where  Y  is  the  predictand,  the  A’s  are  constant  coefficients  derived  from  the  developmental 
sample,  and  the  X’s  are  the  predictors  selected  by  the  screening  procedure. 

Each  set  of  prediction  equations  consists  of  nine  equations:  the  three  predictands  of 
northward  displacement  (N),  eastward  displacement  (E),  and  change  in  central  pressure 
(D),  for  the  forecast  intervals  of  12,  24,  and  36  hr. 

The  pair  of  numbers  that  is  associated  with  a  given  predictor  in  the  equations  refers 
to  the  grid  location  in  the  (K,  L)-grid  system  of  Fig.  2.  The  predictor  symbols  and  units 
used  in  the  equations  are  found  in  Table  III.  Predictand  symbols  and  units  are  in  Table  II. 
The  convention  used  for  eastward  displacement  is  that  negative  values  of  E  refer  to  east¬ 
ward  displacement  and  positive  values  to  westward  displacement.  To  convert  the  eastward 
displacement  from  degrees  of  latitude  to  degrees  of  longitude,  it  is  only  necessary  to 
multiply  the  computed  value  of  E  by  the  secant  of  the  average  latitude  applicable  to  the 
forecast  interval  being  considered.  It  should  be  recalled  that  for  summer  cyclones  the 
(K,  L)-reference  point  is  (5,3),  and  for  winter  cyclones  it  is  (5,4). 

1.  North  American  Summer  Cyclones 

1.1  Exp.  1 

71.393  +  0.0049Z(7,  2)  -  0.0142Z(4,3)  -  0.1190AP(5, 4)  +  0.0064Z(8,5) 

-  0.0792P(1,  1)  +  0.0573Z(6, 3)  -  0.0279Z(5,4)  -  0.0218Z(5,2) 


N12  = 


E  =  "  2.3020  +  0.0037Z(6,  5)  -  0.0297Z(5,  2)  +  0.0296Z(5,4)  +  0.1408AP(6,  3) 

JL  — * 

-  0.1265AP(4, 3)  +  0.0877I2  -  0.0053Z(4,3)  +  0.0998P(6,3)  -  0.0959P(5,  2) 

-  27.190  +  0.9029^  +  0.0591AZ(4, 3)  +  0.0676AZ(5,  2)  +  0.0131H(4,5) 


°12  = 


N_, .  = 
24 


E24  = 


115.08  +  0.0123Z(7,  2)  -  0.0179Z(4,3)  +  0.0191Z(8,5)  -  0.0191AZ(5, 4) 

-  0.0007Z(4,  5)  -  0.1302P(1,  1)  +  0.1006Z(6,3)  -  0.0594Z(5,4)  -  0.0449Z(5,2) 

-  0.1476AP(5,  4) 

0.3684  +  0.02225Z(6,  5)  -  0.0777Z(5,  2)  +  0.0541Z(5,4)  -  0.0546AZ(4, 3) 

+  0.0515AZ(6,  3) 
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£>  =  267.20  +  1.32001,  +  0.1703AZ(4,  3)  -  0.1025AZ(3,  2)  -  0.2691P(4,3) 

24  1 

+  0.3123AP(6,  3) 

N  =  143.40  +  0.0622Z(8, 3)  -  0.0232Z(4,3)  -  0.1026AZ(5,  4)  +  0.0326Z(8,5) 

-  0.0051Z(4, 5)  +  0.0192Z(7,  2)  -  0.1500P(2,3)  -  0.0613H(8,3)  +  0.0666H(6,3) 

-  0.0667Z(5, 4)  +  0.0665AH(5, 4)  +  0.2210I2  +  0.0208Z(1,4)  -  0.0402Z(9,  1) 

E  =  -  1.9892  +  0.0476Z(6,  5)  -  0.0987Z(5,  2)  +  0.0506Z(5,4)  -  0.0803AZ(4, 3) 

36 

+  0.0642AZ(6,  3) 

D  =  335.97  +  1.81151.  -  0.3857P(4,3)  +  0.1190AZ(4, 3)  +  0.3603AP(6, 3) 

36  1 

+  0.0262H(4,  5) 

1.2  Exp.  2 

N  =  21.535  +  0.0731V'  -  0.030U  -  0.1004AP(5, 4)  -  0.0609P(3,  2)  +  0.0476P(8,3) 

12 

-  0.0910P(5, 4)  +  0.0853P(5,  2)  +  0.0206AZ(5,  2)  -  0.0157AZ(5, 4)  +  0.0178U' 

E  =  -  27.087  -  0.0004U'  +  0.0082Z(6,  5)  +  0.0179AZ(6,  5)  +  4362. 2AT  +  0.1184AP(6, 3) 

-  0.0359Z(5,  2)  +  0.0245Z(5, 4)  -  0.0165AZ(5, 4)  -  0.0734AP(4, 3)  +  0.0315P(1,4) 

D  =  -  2.6768  +  0.0881AZ(6, 3)  +  1.0850^  +  0.0534AZ(4, 3)  -  103,860Atj0 

N  =  29.396  +  0.0971V'  -  0.0472X  -  0.0959AP(5, 4)  -  0.0919P(3,  2)  +  0.1488P(8,3) 

24 

-  0.1051P(5, 4)  +  0.0581U'  -  0.0347AZ(5, 4)  +  0.0400AZ(5,  2)  +  0.0240Z(7,  6) 

-  0.0118Z(5,  6)  +  0.0211AZ(7,  6)  -  0.0234AZ(6,  3) 

E  =  -  19.381  -  0.0535U'  +  0.0399Z(6,5)  +  0.0509AZ(6, 5)  -  0.0308Z(5,  2)  -  0.0434AZ(5, 4) 
24 

-  2 

D94  =  -  51.388  +  0.1481AZ(6, 3)  +  1.2759I9  +  0.0887AZ(5, 4)  -  0.0010V  -  143,410A?j0 

+  0.1464P(3,  6)  -  0.0998P(4,  5)  +  11,912AT  +  0.0432AH(2,  3) 

N  =  -  82.753  +  0.1096V'  -  0.0752\  +  0.0990P(8,5)  -  0.0576AZ(5, 4)  -  0.1947P(5,4) 

36 

+  0.0971U'  -  0.0570AZ(5, 4)  +  0.0534AZ(5,  2)  +  0.1516P(8,3)  +  0.0174H(8,5) 

E  =  -  62.210  -  0.0378U'  +  0.0692Z(6,  5)  +  0.0783AZ(6,  5)  -  0.0745Z(5,  2)  -  0.0633AZ(5, 4) 
36 

-  0.0510AZ(5,  2)  +  0.2680P(6, 3)  -  0.1991P(7,2) 

D  =  202.63  +  0.2004AZ(,3)  +  1.09881  +  0.0850AZ(5,4)  -  0.0851U'  -  0.2044P(5,3) 

36  2 
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2.  Atlantic  Summer  Cyclones 


2.1  Exp.  1 

N  =  -  21.705  +  0.0447P(7,  2)  -  0.1193P(5,4)  +  0.0343Z(6,3)  -  0.0199Z(4,3) 

-  0.0095H(3, 6)  +  0.0094AZ(5,  2)  -  0.0125AH(6,  3)  +  0.0151P(2,5)  -  0.04970 
+  0.0709P(5,  2)  -  0.0136Z(3,  2)  +  0.0096Z(8,3)  +  0.0058Z(7,6) 

E  =  -  5.7530  -  0.0362Z(5, 2)  +  0.0346Z(5,4)  -  0.0228Z(4,3)  +  0.0124Z(2,3) 

-  0.0628AP(4, 3)  +  0.0259Z(6,3)  +  0.0211AH(5,  2)  -  0.0129Z(7,2)  +  0.0846I2 
+  0.04440 

D19  =  84.876  +  0.0539AZ(4,  3)  +  0.5751^  -  0.1716P(3,2)  +  0.0842P(6,  5)  +  0.1485AP(6,  3) 

N  =  -  47.007  +  0.0662P(7, 2)  -  0.2432P(5, 4)  +  0.0514Z(6,3)  -  0.0088H(4,3) 

24 

+  0.0529P(8,  5)  -  0.0213H(4,  5)  -  0.12950  -  0.0407Z(3,  2)  +  0.0212H(9, 1) 

+  0.0949P(5,  2)  +  0.0791P(8, 3)  +  0.025311(6,5)  -  0.0256H(5,4) 

E  =  49.231  -  0.1346P(5,  2)  +  0.0864P(6,  5)  -  0.1046AP(4,  3)  -  0.0361H(4,3) 

24 

+  0.0292H(6, 5)  -  0.0246AZ(7,  2)  +  0.0164Z(5,4)  -  0.0424Z(5,  2)  +  0.0411Z(6,3) 

-  0.0245Z(7,  2)  +  0.0148H(2,  3) 

D0  =  291.27  -  0.4305P(5,  3)  +  0.3249AP(5,  2)  +  0.0343H(4,  5)  +  0.3431AP(6,  3) 

24 

-  0.1581P(2,  3)  +  0.2343P(5,  4) 

N  =  -  432.51  +  0.1478P(8, 3)  -  0.0231Z(4,5)  +  0.0817Z(6,3)  -  0.1503Z(5,4)  +  0.0616P(8,5) 
36 

+  0.0959H(5, 4)  +  0.1266P(4,5)  -  0.0488Z(3,2)  -  0.17810  +  0.0339H(6,  5) 

+  0.1259P(5,  2) 

E.  =  47.730  -  0.2729P(5,  2)  +  0.1044P(6,5)  +  0.0566P(8,5)  +  0.0459P(1,  1)  -  0.0585H(4,3) 

o  u 

+  0.0416Z(6, 5)  -  0.0526AZ(7,  2)  -  0.1627AP(4, 3)  +  0.0324H(2,3)  +  0.09230 

-  0.0727Z(9,  1)  +  0.0624H(9,  1) 

D  =  512.03  -  0.5201P(5,  3)  +  0.3579AP(5,  2)  +  0.0413H(4,  5)  -  0.2418P(2,3) 

36 

+  0.1749P(6,  5)  +  0.2990AP(6,  3) 

2.2  Exp.  2 

N  =  -  70.210  +  0.0390V'  +  0.0608P(7,2)  +  0.0323P(8,5)  -  0.1124P(5,4)  +  0.0876P(6,3) 

1 2 

-  0.0141AZ(6,  5)  +  0.0089AZ(6, 3)  +  54,959Ai]0  +  0.0621AP(5,  2)  +  0.0135AZ(8,  5) 

-  27,097t70  -  0.0127Z(3,  2)  +  0.0154H(7,  2) 
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E  =  -  36.543  +  0.0127U'  +  0.0275V'  +  0.0212P(6,  5)  -  0.0729AP(4, 3)  -  0.0430P(5,  2) 

+  0.0170AZ(6,  5)  +  0.0144H(6,  5)  -  0.0152AZ(5,  2)  -  0.0374Z(5,  2)  +  0.0258Z(5,4) 

+  0.0163AZ(5,  2)  -  0.0107AZ(5, 4)  +  18,878tj5  +  0.0499P(6,  3) 

D  =  -  1.4158  +  0.0696AZ(6, 3)  -  0.0671V  +  0.6859^  -  101,120A?)0  +  0.1361AP(4, 3) 

N  =  -  101.07  +  0.0919P(7,  2)  +  0.0602V'  +  0.0692P(8,  5)  -  0.2501P(5,4)  -  22,993 rjr 

o 

+  0.0274AZ(8,  5)  +  0.1256AP(5,  2)  +  0.1473P(6,3)  +  0.0381P(2,5)  +  0.0483U' 

-  0.0247AZ(6,  5)  +  0.0216Z(8,3)  -  0.0182Z(3,2) 

E  =  -  77.995  -  0.0092U'  +  0.0544V'  +  0.1204P(6,  5)  -  0.0621P(5,  2)  -  0.0353AZ(5,  2) 

24 

+  0.0468H(6,  5)  +  0.0420AZ(6,  5)  -  0.0442Z(5,  2)  -  0.0290AZ(5, 4)  +  0.1838P(6,3) 

+  5529. 7AAt  -  0.0912P(7,  2)  -  0.0807P(5,3) 

D  =  -  107.25  -  0.1038  V  +  0.1233AZ(6, 3)  +  0.6912I2  -  169,870A?j0  +  124,660r/0 
24 

+  0.0478H(1,  1)  +  0.0525AZ(6, 3)  +  0.0386AZ(6,  5)  +  0.1789AP(5,  2) 

N.  =  -  212.71  +  0.0813P(8, 3)  +  0.0301V'  -  45,813A£T  -  0.0092Z(4,5)  +  0.0324Z(7,2) 

3  6 

+  0.1180P(8,  5)  +  0.0384AZ(8,  5)  +  0.0040AZ(7,  2)  -  0.0356AZ(6,  5)  -  0.0747Z(5,4) 

+  0.0565Z(6, 3)  +  0.0437AZ(6, 3)  -  0.0395AZ(5, 4) 

E  =  -  13.294  -  0.1084U'  +  0.0699V'  +  0.1622P(6,  5)  -  0.2624P(5,  2) 

36 

-  0.0510AZ(5,  2)  +  0.1065P(8,  5) 

D  =  379.10  -  0.5714P(5, 3)  +  0.1767AZ(6, 3)  -  0.2031U'  +  0.2845P(5,4)  -  0.1581P(2,3) 

36 

+  0.0568AZ(6, 5)  +  0.2975AP(4, 3)  +  0.0365Z(6,3) 

3.  European  Summer  Cyclones 

3.1  Exp.  1 

N  =  -  75.574  +  0.0256H(6, 3)  -  0.0462Z(5,4)  -  0.0212H(3,2)  +  0.0191Z(5, 2) 

-  0.1131AP(5, 4)  +  0.0473P(8,  5)  +  0.0891AP(5,  2)  +  0.0231H(5,4)  +  0.0147Z(7,  2) 

£  =  -  2.6362  +  0.0047P(6,  5)  -  0.0843AP(4, 3)  +  0.0395AP(5,  2)  -  0.0089P(5,  2) 

+  0.0086Z(8, 3)  -  0.0321Z(5,  2)  +  0.0198Z(5,4)  +  0.0277Z(6,3)  +  0.21541 

-  0.0210Z(7,  2) 

D  *  101.93  +  0.5037I9  +  0.0346AZ(4, 3)  -  0.1210P(3,2)  +  0.0311Z(5,4)  +  0.2164AP(5, 4) 

-  0.0211Z(5,  2) 
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N  =  -  116  47  +  0.0847H(6, 3)  -  0.0510Z(5,4)  -  0.0397H(3,2)  +  0.0868P(8,5) 

24 

+  0.0224Z(5,  2) 

E  =  35.608  +  0.0252Z(6,  5)  -  0.0664Z(5,  2)  +  0.0739Z(6,3)  -  0.1365AP(4,  3) 

-  0.0453P(1, 7)  +  0.2937IX  -  0.0287Z(7,2) 

D  =  426.44  -  0.4599P(5,  3)  +  0.4900AP(5,  4)  +  0.0985P(6,  5)  +  0.0420AZ(5,  2) 

24 

-  0.1639AP(2, 3)  +  0.0555Z(5, 4)  -  0.0417Z(1,1)  -  0.0868P(1,4) 

N  =  31.531  +  0.0720H(6, 3)  -  0.0707Z(5,4)  -  0.0580H(3,2)  +  0.1400P(8,5) 

36 

+  0.0217Z(5,  2)  +  0.0322H(7,  2)  -  0.1858AP(5, 4)  +  0.1573AP(3, 6)  +  0.1737AP(7,  2) 

-  0.0883P(9,  7)  -  0.12880  -  0.0696P(5,  6) 

E  =  -  8.8601  +  0.0328Z(6,  5)  -  0.1084Z(5,  2)  +  0.1016Z(6,3)  -  0.0480AZ(4, 3) 

-  0.0466AZ(7,  6)  +  0.0224Z(2,3)  -  0.0460Z(7,  2)  +  0.38051  ^  +  0.0465AH(5,  2) 

D  =  573.94  -  0.6604P(5,  3)  +  0.1544P(6,  5)  +  0.5165AP(5,  4)  -  0.2593AP(2,  3) 

36 

-  0.3409AP(3, 6)  +  0.0248Z(9,7)  +  0.0396AZ(5,  2)  -  0.1163P(1,4)  +  0.0604Z(5,4) 

-  0.0564Z(1,  1) 

3.2  Exp.  2 

N  =  -  25  013  +  0.0615V'  -  0.0395AP(5, 4)  +  0.0276Z(7,2)  +  0.0286AZ(7,  2) 

12 

-  0.0162Z(5, 4)  -  0.0317AZ(5, 4)  +  0.0142AZ(5,  2)  -  0.1090P(5,4)  +  0.1117P(5,2) 

+  0.0171AZ(6,  3) 

E  =  -  13  972  -  0.0254U'  -  0.0327AZ(5,  2)  -  0.0017V  +  0.0109Z(6,5)  -  0.0375Z(5,  2) 

12 

+  0.0331Z(6, 3)  +  0.1782I1  -  0.0896AP(3,  2)  +  0.0201AZ(7,  2) 

D  =  -  24.056  +  0.0689AZ(6, 3)  +  0.6523I9  -  117,490A7]0  +  0.0525AZ(5, 4)  +  0.0285Z(5,4) 
1 2 

-  0.0165Z(2,  3) 

N  =  51.700  +  0.0901V'  -  0.0635AZ(5,  4)  -  0.2160P(5, 4)  +  0.1382P(5,  2) 

24  ^ 

+  0.0277AZ(6, 3)  +  0.0750U'  +  0.0290AZ(5,  2)  +  0.0383Z(7,  2)  -  0.0247H(3,2) 

+  0.0384AZ(7,  2) 

E  =  -  19  452  -  0.0622U'  -  0.0618AZ(5, 2)  +  0.0412V  +  0.0262Z(6, 5)  -  0.0675Z(5,2) 

24 

+  0.0502Z(6,  3) 


47 


iW  40  -fi  n<|4:z;  <W  iQ  4^;  4W 


D  96.628  +  0.1024AZ(5,4)  -  0.1528U"  +  1.00331  +  0.133AZ(6,3)  -  75,394?7r 

24  2  6 

-  0.0890P(2,3) 

Nofi  172.68  +  0.0324V"  -  0.0959AZ(5,4)  -  0.2022P(5,4)  +  0.0854U"  +  0.0419AZ (5,2) 

+  0.0244Z(8,3)  -  0.0336H(3,2)  +  0.0658Z(6,3)  +  0.0504AZ(6,3)  -  0.0401Z(5,4) 

-  30.505  -  0.0490U"  -  0.0922AZ(5,2)  +  0.0004V2  +  0.0457Z(6,5)  -  0.0903Z(5,2) 

+  0.0583Z(6,3)  +  0.35661^+-  0.0409AZ(6,5) 

371.53  -  0.3336P(5,3)  +  0.1428AZ(6,3)  +  0.1397AZ(5,4)  +  0.0735P(6,5) 

+  0.87741  „  -  0.1157U"  -  89,830 ri  -  0.2229AP(3,6)  -  0.1285P(1,4)  -  0.0569AZ(3,2) 
2  5 

+  0.0200Z(9,7)  -  0.0472Z(1,1)  +  0.0445Z(5,4) 


Eurasian  Summer  Cyclones 


1  Exp.  1 

=  -  18.782  +  0.0932AP(5, 2)  -  0.0260AP(6, 3)  +  0.012711(1,7)  -  0.0201Z(4, 3) 

+  0.0337Z(6,3)  -  0.0158Z(5,4) 

-  8.9675  +  0.0051Z(6,5)  -  0.0126Z(5,2)  +  0.0337Z(5,4)  -  0.0221Z(4,3) 

158.74  +  0.98711^  -  0.1306P(4,3)  +  0.0437AZ(5,2)  -  0.0376H(1,7) 

+  0.0201Z(8,5) 

-  45.751  +  0.0189Z(7,2)  -  0.0593Z(4,3)  +  0.0477Z(6,3)  +  0.0173Z(2,3) 

-  0.0300AZ(5,4) 


-  153.67  +  0.0057Z(6,5)  -  0.0364Z(5,2)  +  0.0428Z(5,4)  -  0.0256Z(4,3)  +  0.1024P(2,3) 
+  0.0142H(3,2)  +  0.0413P(9,7)  -  0.1024AP(4,3)  +  0.0146Z(8,5)  +  0.0582P(6,5) 

-  0.2116P(5,3)  +  0.2256P(6,3)  -  0.0961P(7,2) 

D ;  =  31.311  +  1.50851  +  0.0182Z(8,5)  -  0.0506Z(5,2)  +  0.0717AZ(5,2)  -  0.0282Z(2,5) 

1 

+  0.042511(5,4)  +  0.2446AP(5,4) 

N  =  -  82.539  +  0.0180Z(7,2)  -  0.0530Z(4,3)  +  0.0695Z(6,3)  +  0.0326H(2,5) 

36 

_  0.0392Z(5,4)  -  0.0430AZ(5,4)  +  0.30701  +  0.0166Z(8,5) 

z 

E  =  -  154.54  +  0.0384Z(6, 5)  -  0.0671Z(5, 2)  +  0.044011(5,4)  +  0.1220P(2, 3) 

36 

D  =  264.55  -  0.6956P(5,3)  +  0.0552Z(8,5)  +  0.4053P(5,2)  -  0.044511(1,7) 

36 

+  0.0661AZ  (4,3) 
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4.2  Exp.  2 

N  =  -  12.091  +  0.0412V'  +  0.0107H(1,7)  +  0.0809AP(5,2)  -  0.0221Z(5,4)  +  0.0181Z(6,3) 

1 2 

-  0.0195AZ(5,4)  +  0.0173AZ(5,2) 

E  =  -  73.115  -  0.0512U' +  13.071A+ 0.0110Z(6,5)  +  0.0508P(2,3) 

12  1 

D  =  +  21.011  +  1.10791  +0.0712AZ(6,3)  -  0.0682U'  +  0.0558AZ(1,1)  -  0.0126Z(2,5) 

12  1 

N  =  -  25.961  +  0.1088V'  +  0.0176H(1,7)  -  0.0412AZ  (5,4)  +  0.0254AZ(5,2)  -  0.0231Z(5,4) 
24 

+  0.0198Z(8,3) 

E  =  -  60.562  -  0.1073U '  +  0.0247Z(6,5)  -  0.0323AZ(5,2)  +  19.785A_  +  0.1041P(2,3) 

24  1 

-  0.0928P(5,3) 

6  =  -  1.9615  +  0.0937AZ(6,3)  +  1.4151I2  -  0.1301U'  +  0.0661AZ(5,4)  -  31,1757^ 

-  0.0234Z(2,5)  -  0.0342AZ(3,6)  +  0.0244H(6,3)  -  115.150A77,. 

N  =  -  15.726  +  0.1311V'  -  0.0630AZ(5,4)  -  0.0247P(5,4)  +  0.0323Z(8,3)  +  0.0483P(7,2) 
36 

+  0.29551  +  0.0372AZ(7,2)  +  0.0261H(2,5)  -  0.0254H(5,4)  -  0.0342AZ(5,4) 

2 

+  0.0349AZ(5,2)  +  0.1525P(6,3) 

E,  ,  =  -  43.106  -  0.1157U'  +  0.0700Z(6,5)  -  0.0570AZ(5,2)  -  0.0166Z(5,2)  +  0.0250Z(8,5) 
36 

+  17,008 At  +  0.0129P(2,3)  -  0.1623P(5,3)  -  0.0406H(6,5) 

D  =  199.24  -  0.1887P(5,3)  +  0.1025AZ(6,3)  +  1.47241  -  0.1592U'  +  0.0785AZ(5,4) 

36  4 

-  85,0937],.  -  0.0279Z (2,5)  +  0.0256Z(8,5) 

5 

5.  Asian  Summer  Cyclones 

5.1  Exp.  1 

N  =  -  83.715  +  0.0667P(8,3)  -  0.0948AP(5,4)  +  0.0193H(6,3)  -  0.0155Z(4,5) 

1 2 

-  0.0146Z(3,2)  +  0.0195Z(7,2) 

E  =  0.0350  +  0.1248AP(6,3)  -  0.0913P(5,2)  +  0.0764P(6,3)  +  0.0122Z(6,5) 

1 2 

-  0.0169Z(5,2)  +  0.05699  -  0.0181AZ(4,3)  +  0.0275Z(5,4)  -  0.0169Z(4,3) 

D  =  204.50  +  0.2884AP(5,2)  -  0.2049P(5,3)  +  0.1721AP(6,3)  +  0.0396AZ(5,4) 

12 

N  =  -  240.32  +  0.1356P(8,3)  -  0.1347AP(5,4)  +  0.0680H(6,3)  -  0.0628Z(5,4) 

+  0.1236P(6,3)  +  0.0157Z(6,5)  -  0.09880-  0.0290Z(3,2)  +  0.0123Z(8,5) 

-  0.0123H(1,7) 
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E  -  -  62.593  +  0.11180+  0.0394Z(6,5)  -  0.0507Z(5,2)  +  0.1492AP(6,3)  -  0.0254AZ(4,3) 

24 

+  0.0589Z(6,3)  -  0.0450Z(7,2)  +  0.0389Z(1,1)  +  0.0184Z(4,5)  -  0.0308Z(4,3) 

D  =  457.63  -  0.4831P(5,3)  +  0.4172AP(5,2)  +  0.3484AP(6,3)  +  0.0482AII(3,2) 

24 

+  0.0213H(1,7)  -  0.0662H(7,2)  +  0.0594Z(5,4)  +  0.2212AP(4,3) 

N  =  _  82.909  +  0.1542P(8,3)  -  0.16590-  0.0796P(5,3)  -  0.0228H(4,5)  +  0.0373Z(7,2) 

+  0.0253Z(8,5)  -  0.0390Z(3,2)  -  0.0934AP(3,6)  +  0.0535Z(6,3)  -  0.0471Z(5,4) 

E  =  -  511.35  +  0.17980+  0.0579Z(6,5)  - 0 .1853Z (5,2)  +  0.1849AP(6,3)  +  0.2060P(2,3) 

36 

+  0.128311(5,2)  -  0.1282AP(2,3)  +  0.2494P(6,3)  -  0.0258AZ(4,3)  +  0.0209Z(4,5) 

-  0.0415Z(7,2)  +  0.043511(6,3) 

D  =  664.43  -  0.6907P(5,3)  +  0.5324AP(5,2)  +  0.4724AP(6,3)  +  0.0629AH(3,2) 

36 

+  0.0312H(1,7)  -  0.083311(7,2)  +  0.0679Z(5,4) 

5.2  Exp.  2 

N  =  -  27.693  +  0.0671P(8,3)  +  0.0275V'  +  0.0339Z(7,2)  -  0.0115Z(4,5)  +  0.0243AZ(7,2) 

-  0.0601AP(5,4)  -  0.0495P(5,4)  -  0.0174Z(9,1)  -  0.011 1AZ (6,5) 

E  =  -  9.6595  -  0.0564U'  +  6194.1^  +  0.0963AP(6,3)  -  0.0148AZ (4,3)  -  0.0191AZ(5,2) 

+  0.0206Z(6,5)  -  0.0159Z(4,3)  +  0.0178AZ(6,5) 

D  =  124.24  +  0.0564AZ(6,3)  -  0.3325P(5,3)  +  0.2316AP(5,2)  +  0.0392AZ(5,4) 

X  2 

+  0.0429AZ(5,4)  +  0.2069P(6,3)  -  75,325Arj() 

N  =  -95.471  +  0.0905P(8,3)  -  0.0268AZ(6,5)  +  0.0538V'  -  0.07120  -  0.1007P(5,4) 

24 

-  0.0384AZ(5,4)  +  0.0385AZ(5,2)  +  0.0515U'+  0.0232Z(8,5)  -  0.0232Z(3,2) 

+  0.1082P(7,2)  +  0.0206AZ(8,5) 

E  =  96.505  -  0.1170U'  +  0.1220AP(6,3)  -  0.3080P(5,2)  +  0.0157P(6,5)  -  0.0575AZ(5,2) 

24 

+  0.1448P(6,3)  +  0.0394AZ(6,3)  +  0.0369V' +  0.0230Z(1,1)  -  0.0381AZ(5,4) 

-  0.0152AH(5,4)  +  0.0345AZ(6,5)  +  0.0457Z(6,5)  -  0.0435H(5,4) 

D  =  378.37  +  0.0936AZ (6,3)  -  0.6505P(5,3)  +  0.4139AP(5,2)  +  0.0655AZ (6,5) 

24 

+  0.3591P(6,3)  -  102,830A)7  -  0.1037P(8,3)  -  0.0262AZ(7,6)  +  0.0487Z(5,4) 

-  0.0396H(7,2)  +  0.0427AZ(5,4) 
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N  =  85.463  +  0.1463P(8,  3)  -  0.0349AZ(6,  5)  +  0.0035V"  -  0.17140  -  0.2050P(5,4) 

A  3  6 

-  0.0457AZ(5,  4)  +  0.0437AZ(5,  2)  -  0.0088U"  +  0.0330Z(8,5)  -  0.0815H(5,4) 

+  0.0702Z(6, 3)  +  0.0293AZ(8,  5)  -  0.0322Z(3,  2) 

E  =  -  232.51  -  0.0167U"  -  0.0514AZ(5,  2)  +  0.0877Z(6,  5)  -  0.1168Z(5,  2) 

06 

+  0.0663AZ(6,  5)  +  0.0527 AZ(7,  2)  -  0.0450AZ(5,  4)  +  0.16030  +  0.1587P(2,3) 

+  0.0625H(5,  2) 

D  =  560.30  +  0.1165AZ(6,  3)  -  0.5620P(5,3)  +  0.1225AZ(6,  5)  +  0.5034AP(5,  2) 

36 

+  0.0637Z(6,  5)  -  0.0616H(7 ,  2) 

6.  Pacific  Summer  Cyclones 
6.1  Exp.  1 

N  9  =  28.581  -  0.0739AP(5, 4)  +  0.0353P(7,  2)  -  0.0697P(3,2)  +  0.0379AP(3,  2) 

-  0.0093H(6, 3)  -  0.0203H(4, 3)  -  0.0446Z(5,4)  +  0.0448Z(6,3)  +  0.0092Z(8,3) 

+  0.0234H(5,  4) 

E  =  -  117.75  -  0.0588Z(5,  2)  +  0.0156Z(6,5)  +  0.1782P(6,3)  -  0.1446P(4,3) 

+  0.0304Z(5, 4)  +  0.0654P(2,3)  -  0.0289H(4,3)  +  0.0107H(2,3)  +  0.0383H(5,  2) 

+  0.05460  -  0.0759AP(3,  2) 

D  =  -  3  5733  +  0.3145AP(5,  2)  +  0.72741  +  0.2345AP(5, 4)  -  0.0553AH(6, 3) 

12  '  1 
+  0.0432AZ(4,  3) 

N  =  -  109.22  +  0.0407Z(7,  2)  -  0.0825Z(5,4)  +  0.0595Z(6,3)  -  0.0441Z(3,2) 

24 

+  0.0394P(7,6)  +  0.0315H(3,2)  +  0.0470P(3,6)  -  0.0324AH(7,  2)  +  0.0268AH(5, 4) 

-  0.0223H(2,  5)  +  0.0148Z(1,4)  +  0.0132Z(6,  5) 

E  =  -  303.58  +  0.0508P(7, 6)  -  0.0948Z(5,  2)  +  0.0310Z(6,5)  +  0.0069Z(6,3) 

24 

-  0.0573Z(4, 3)  +  0.10890  +  0.0251Z(2,3)  +  0.0381Z(5,4)  +  0.2143P(6,3) 

+  0.0661H(5,  2) 

D  =  70.223  +  0.4557AP(5,  2)  +  0.80661  -  0.0706H(5,  2)  +  0.3361AP(5, 4) 

24  z 

+  0.0750H(5,4)  +  0.3061AP(4, 3)  +  0.0643AH(5,  2)  -  0.0564AZ(4, 5)  -  0.0432H(1,  1) 

-  0.0717AH(6,  3)  +  0.0644AZ(7,  2) 

N  =  -  110.52  +  0.0580Z(7,  2)  -  0.0862Z(5,4)  +  0.0579Z(6,3)  -  0.1670P(3,2) 

3  0 

+  0.0978P(8, 5)  +  0.1417P(2, 5)  -  0.0300Z(2,  5)  +  0.0189Z(1,4) 
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E  =  -  555.61  +  0.0855P(7, 6)  -  0.1308Z(5,2)  +  0.0522Z(6,  5)  -  0.0485Z(4,3) 

36 

+  0.0204Z(6,  3)  +  0.1895P(1, 1)  -  0.1954AP(3,  2)  +  0.0306H(4,5)  -  0.0547AP(5,  2) 

+  0.2570P(6,  3)  +  0.0847H(5,  2) 

D  =  277.54  -  0.0620Z(5,  2)  +  0.3633AP(5,  2)  +  0.51561  +  0.2063AZ(4, 3)  +  0.1009Z(5,4) 

36  1 

+  0.1254AP(7,  2)  -  0.0718AH(4,  5)  -  0.1049H(1,  1)  -  0.4172P(5,3)  -  0.1407AH(4, 3) 

+  0.2612P(7,  2)  +  0.3305AP(6,  3) 

6.2  Exp.  2 

N  =  -  7.8087  +  0.0714V'  -  0.0154AZ(6, 5)  +  0.0704P(7,2)  -  0.0501P(3,2) 

-  0.0079Z(4,  5)  +  0.0071H(8, 3)  -  0.0834AP(5, 4)  +  0.0140AZ(6, 3)  +  0.0228U' 

+  0.0154AH(4, 3)  -  0.0725P(5,4)  +  0.0611P(6,3) 

E  =  -  55.630  -  0.0109U'  +  10.175A  +  0.0226V'  +  0.0289Z(6,5)  -  0.0211Z(5,  2) 

1 2  * 

+  0.0304AZ(6,  5)  +  0.0162AZ(7,  2)  -  0.0194AZ(5,  4)  +  0.06050  +  0.0361P(2,3) 

D  =  -  61.925  +  0.1775AP(5, 2)  +  0.0492AZ(6, 3)  +  0.7857^  +  0.0401AZ(5, 4)  -  0.0915V 
+  0.1796AP(4, 3)  +  0.0920P(5, 4)  +  0.0343AZ(5,  2)  -  0.0175H(9,4) 

N  =  -  4.7180  -  0.0304U'  +  0.0183AZ(5.  2)  -  0.0339AZ(5, 4)  +  0.0589P(7,  2)  +  0.0307V' 

24 

-  0.0239P(5, 4)  +  0.0222AZ(6, 3)  +  0.0809Z(6,3)  -  0.0871Z(5,4)  -  0.0206AZ(6,  5) 

-  0.09550  -  0.0533P(3,  2)  +  0.0385P(2,  5)  +  0.0232AZ(5,  2)  -  0.0209AZ(6, 3) 

E  =  -  29.572  -  0.0122U'  +  0.0454V'  +  0.0544Z(6,5)  -  0.0042Z(4,3)  +  0.0600AZ(6,  5) 

-  0.0476AZ(5, 4)  +  0.0395AZ(6, 3)  +  52,212 -  0.0356AZ(5,  2)  -  0.0392Z(5,  2) 

+  8832.7At 

D  =  26.159  +  0. 3336AP(5,  2)  -  0.1271V  +  0.81611  +  0.0921AZ(6, 3)  +  0.0826AZ(5,  4) 

24  3 

-  0. 0542H(3,2)  +  0.0393Z(5,4)  +  0.2457AP(4, 3) 

N  =  -  50.772  +  0.0184V  +  0.0576P(8,3)  -  0.1144P(3,2)  -  0.0298AZ(6,  5)  -  0.0052V' 

36 

+  0.0397AZ(5,  2)  +  0.0758P(2,  5)  +  0.0253Z(7,  2)  -  0.0063Z(4,5)  +  0.0249Z(8,5) 

+  0.0315AZ(8,  5)  -  0.0263H(5, 4)  -  0.0391AZ(5, 4)  +  0.0679Z(6,3)  -  0.0700Z(5,4) 

E  =  -  74.207  -  0.0378U'  +  0.0923P(7,6)  +  0.0352V'  -  0.0426AZ(4, 3)  +  67,982tj 
36 

+  0.0590Z(6, 5)  +  0.0805AZ(6, 5)  -  0.0638Z(4,3)  +  0.0259Z(2,3)  +  0.0456AZ(6, 3) 

-  0.0518AZ(5, 4)  -  0.0291AZ(5,  2)  -  0.0714P(1,7) 
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D.  =  30.640  +  0.0053Z(5,  2)  +  0.1209AZ(6,  3)  +  1. 17341,,  -  0.1470V  +  0.3088AP(5,  2) 

+  0.0470AZ(4, 3)  -  0.0846H(3,2)  +  0.0914AZ(5,  4)  +  0.0627H(5,4)  -  0.0784AZ(4,  5) 

+  0.0615AZ(4,  3) 

7.  Atlantic  Winter  Cyclones 

7.1  Exp.  1 

N  =  112.19  -  0.0557P(5,  6)  +  0.0129P(8,3)  +  0.0196Z(6,  5)  -  0.0229Z(4,5) 

+  0.0470Z(6, 3)  -  0.0657AP(4, 5)  -  0.0595P(5,4)  -  0.0475P(3,2)  +  0.0592AP(5,  2) 

-  0.0370H(6, 3)  +  0.0142H(7,  2) 

E  0  =  18.229  -  0.0213Z(5,  2)  +  0.0368Z(6,5)  -  0.0111Z(5,4)  +  0.0129Z(5,6) 

-  0.0218Z(4, 3)  -  0.0148Z(7,  2)  +  0.0100AH(5,  4)  -  0.0278A  +  0.0072Z(2,3) 

-  0.0145H(6,  5)  +  0.0170H(5,  2) 

D  =  110  89  +  1.23671  +  0.3887AP(5, 4)  +  0.0166P(6,3)  +  0.0578P(5,6)  -  0.0644P(2, 5) 

12  1 

-  0.1470P(5, 4)  +  0.0440Z(4,  5)  -  0.0321Z(2,3)  -  0.05l6AZ(l,  4) 

N  =  51.003  -  0.1324P(5,  6)  +  0.0702P(8,3)  +  0.0330Z(6,3)  -  0.0390Z(4,5) 

24 

+  0.0208Z(6, 5)  -  0.1304AP(4,  5)  +  0.0158Z(8,5)  -  0.0894P(3,2)  +  0.0469P(3,6) 

E  =  122.07  -  0.0368Z(5,  2)  +  0.0205Z(7,6)  +  0.0332Z(5,  6)  -  0.0252Z(4,  5) 

24 

-  0.0265AZ(4, 3)  +  0.05981,  -  0.0182H(8,5)  -  0.0942P(7,  2)  +  0.0302Z(6,5) 

-  0.0203Z(5,  4)  +  0.0223AZ(9,  7) 

D  =  574.60  -  0.2342P(5,  4)  +  0.0473Z(5,6)  -  0.1012H(5,  2)  +  0.3636AP(5, 4)  +  0.86581 

24 

-  0.1549P(2,  5)  -  0.2231P(3,  2)  +  0.2959AP(4, 3)  +  0.0470Z(4,5)  +  0.3777AP(7,  2) 

+  0.028 1H(9,  7) 

N  =  -  10.377  -  0.1477P(5, 6)  +  0.0436Z(6,3)  +  0.0977P(8,5)  -  0.0314Z(4,5) 

36 

+  0.0211Z(9,  1)  -  0.0240Z(3,  2)  -  0.1452AP(4,  5)  +  0.0595P(3,6)  -  0.18650 

-  0.0311Z(5,  6)  +  0.0266Z(6,  5) 

E  =  53.480  -  0.0580Z(5,  2)  +  0.0712Z(7,6)  -  0.0137Z(8,5)  -  0.1210P(6,3) 

3  6 

-  0.0340AZ(4, 3)  -  0.0390H(7,6)  +  0.0447H(5,  6)  -  0.0490Z(4,5)  +  0.1105P(5,  6) 

+  0.0179Z(2,  3) 
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D  =  719.32  -  0.8225P(5, 4)  +  0.0798Z(5,6)  -  0.1062  H(5,  2)  +  0.4922AP(4,  3) 

3  6 

+  0.0143Z(4,  5)  -  0.2149P(2,  5)  -  0.3932AP(3,  2)  +  0.0186Z(7,6)  +  0.2181AP(6,  5) 

-  0.0387Z(3,  2)  +  0.2304P(4,  5)  +  0.2261AP(5, 4)  +  0.0344H(9,7)  +  0.0475Z(5,4) 

+  0.3810AP(7,  2) 

7.2  Exp.  2 

N  =  5.0463+  0.0271V'  -  0.0454P(5,  6)  +  0.0266Z(6,3)  +  0.0169AZ(6,  3)  +  21,378?) 

12 

-  0.0615P(4,  5)  -  0.0066AZ(6,  5)  +  0.0357P(8,5)  -  0.0102Z(4,5)  +  0.0338P(3,6) 

-  0.0105AZ(5,  6) 

E  =  8.2350  -  0.0394U'  -  0.0038P(7,6)  -  0.0859P(5,  2)  -  0.0183AZ(5, 4)  +  0.0781P(6,5) 

1 2 

-  0.0130Z(5, 4)  +  0.0108H(5, 6)  +  0.0107Z(7,6)  -  0.0083Z(7,  2)  +  22,712r)0 

+  0.0515AP(6,  3)  +  0.0086AZ(7, 6) 

D  =  101.99  -  0.0684U'  +  1.23121  +  0.3038AP(5, 4)  +  0.0476AZ(6,  5)  +  10.516A 

12  1  1 

+  0.0560AH(5, 6)  +  0.0216AZ(5, 4)  -  0.1337P(3,2)  +  0.1964AP(4, 3)  +  0.0156Z(4,  5) 

N  =  -  33.289  -  0.1342P(5,  6)  +  0.0471P(8,3)  +  0.0280V  +  0.0505P(7,6)  -  0.0214AZ(5, 6) 
24 

-  0.1134P(3,  2)  +  0.0208Z(8,  5)  +  0.0788AP(4, 3)  +  0.1337P(6,3)  -  0.1157AP(4,  5) 

+  0.0165AZ(8,  5)  -  0.0240Z(4,  5)  +  0.0308H(7,  2) 

E  =  -  52.057  -  0.0512U'  +  0.0504P(7,6)  -  0.1070P(5,  2)  -  0.0413AZ(5, 4)  -  0.0462Z(5,4) 
24 

+  0.0254H(5,  6)  +  0.1050P(6,  5)  +  0.0236AZ(7,  6)  +  0.0211Z(7,6) 

D  =  187.14  -  0.1373U'  +  1.32541  +  0.0969AZ(6,  5)  +  0.0292AZ(6, 3)  +  0.3422AP(4,  3) 

24  1 

-  0.2011P(3,  2)  +  0.0355Z(5,  6)  -  0.0711Z(5,  2)  +  0.0443H(5,4)  +  0.0386AZ(5, 4) 

N  .  =  139.91  -  0.1993P(5,  6)  +  0.0748Z(6,3)  +  0.1001P(8,  5)  -  0.0297Z(4,  5) 

36 

+  0.0388AZ(6,  3)  -  0.0417AZ(5,  6)  +  0.0112Z(9,  1)  -  0.0319H(5,6)  -  0.0409Z(5,  2) 

-  0.22580 

E  =  157.77  -  0.0180U'  +  0.1083P(7,6)  -  0.1662P(5,3)  -  0.0611AZ(5, 4)  -  0.0663H(5,4) 

36 

+  0.0440H(5,  6)  +  0.0406AZ(7,  6)  +  0.0320Z(7,6)  +  80,839 jj  -  0.1298P(7,2) 

D  =  264.74  -  0.2382U'  +  1.29511  +  0.1388AZ(6, 5)  +  0.5365AP(5,  2)  -  0.3391P(4,3) 

36  2 

+  0.4104AP(4,  3)  +  0.0377Z(5,  6) 


» 
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8.  Eurasian  Winter  Cyclones 


8.1  Exp.  1 

N  =  -  7.9447  +  0.0093Z(7,  2)  -  0.0258Z(4,5)  +  0.0205Z(6,  5)  -  0.0121H(2,3) 

1 2 

+  0.0122Z(8,  3) 

E  =  -  13.093  +  0.0141Z(5, 6)  -  0.0142Z(5, 2)  +  0.0254Z(6,5)  -  0.0194Z(6,3)  +  0.015111(3,6) 
1 2 

-  0.0130Z(4,  5) 

D  =  22.382  +  0.77821  +  0.1874AP(5, 4)  -  0.0151Z(1,4) 

1-4—  4— 

N04  =  -  58.578  +  0.0257Z(7,  2)  -  0.0383Z(4,5)  +  0.0121Z(8,  5)  -  0.0264H(2,3)  +  0.022111(6,5) 
+  0.0715P(8,  5)  -  0.0954AP(5, 4)  -  0.10660  +  0.1037AP(5,  2) 

E04  =  16.382  +  0.0324Z(5,  6)  -  0.0259Z(5,  2)  +  0.0520Z(6,  5)  -  0.0291Z(6,3) 

-  0.0709P(4, 3)  +  0.0213Z(2, 5)  -  0.0223Z(4,5)  +  0.09220 

D  =  51.690  +  2.09031  -  0.0411Z(5,  2)  +  0.2774AP(5, 4)  -  1.37341  -  0.0185Z(2, 5) 

+  0.0281H(5,  4) 

N„ .  =  -  96.145  +  0.0396Z(8, 3)  -  0.0372Z(4,  5)  +  0.1354P(8,  5)  +  0.0332H(6,  5) 

36 

-  0.0303H(2, 3)  -  0.19590  -  0.0227Z(5,6) 

E  =  81.076  +  0.0266Z(7,  6)  -  0.0725Z(5,  2)  +  0.0303Z(5,  6)  +  0.0264Z(1,4) 

36 

-  0.1253P(4, 3)  -  0.0189H(9, 4)  +  0.0333Z(6,5)  -  0.0372AH(4, 5) 

D  =  21.962  -  0.5436P(5, 4)  +  0.1852P(5,  6)  +  0.2232P(5,  2)  +  0.1049P(7,6) 

u  O 

8.2  Exp.  2 

N  =  37.095  +  0.0462V'  +  0.0154AZ(4,  3)  -  0.0191AZ(6,  5)  +  0.0234AZ(5,  2)  -  0.0472P(4,  5) 

+  0.0168Z(6,  3)  -  0.0107H(2,  3) 

E1<?  =  -  7.8003  -  0.0399U'  -  0.0244AZ(5, 4)  +  0.0111Z(5,6)  +  5,557.6AT  -  0.0154Z(5,  2) 

+  0.0087Z(7,  6) 

D  =  -  3.613  +  0.7188Io  +  0.0457AZ(6, 5)  +  0.0388AZ(5, 4)  -  126,700An 
12  2  5 

N  =  29.973  +  0.1000V'  -  0.0481AZ(6,  5)  +  0.0369AZ(5,  2)  +  0.0168Z(8,3)  -  0.0588P(5,  6) 

E  =  56.577  -  0.0770U'  -  0.0446AZ(5, 4)  +  0.0223Z(5,6)  -  0.0926P(4,3)  -  0.0207Z(5,2) 

+  0.0269Z(7,  6)  +  0.0302AZ(7, 6)  -  0.0158Z(7,2)  +  0.0090Z(2,5) 
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D  =  -  5  2840  +  0.0752AZ(5, 4)  +  1.01761  +  0.0869AZ(6,  5) 

24  '  ^ 

N  =  32  345  +  0.0553V*  +  0.0288Z(8,3)  -  0.0533AZ(6,  5)  -  0.0915P(5,6) 

36 

+  0.1018P(8,  5)  +  0.0272AZ(5,  2)  -  0.0240Z(4,5)  -  0.21830  -  0.0223Z(3,2) 

E  =  56.975  -  0.0835U*  -  0.0632AZ(5, 4)  +  0.0495Z(7,6)  -  0.0425Z(5,  2) 

36 

+  0.0318H(5,  6)  +  0.0461AZ(7, 6)  -  0.0410AH(4,  5)  -  0.1144P(4,3)  -  0.0199H(8,5) 
+  0.0148Z(3, 6) 

276.74  -  0.5226P(5, 4)  +  0.1274AZ(5, 4)  +  0.1583P(5,6)  +  0.0647AZ(6, 5) 


D 


36 


+  0.1998P(6,  5)  -  156,420^t  -  0.0574H(5,  2)  -  0.25220 


9.  Pacific  Winter  Cyclones 

9.1  Exp.  1 

N  =  -  66.393  +  0.0242H(6,  5)  -  0.0303Z(4,5)  +  0.0277Z(6,3)  +  0.0455P(8,5) 
1 2 


0.0101Z(3,  2)  +  0.0978^  +  0.0403AP(2, 5) 


E  =  -  15  579  -  0.0155Z(5,  2)  +  0.0193Z(6,5)  +  0.0444P(7,6)  +  0.0137Z(5,  6) 

12 

-  0.0191Z(4, 3)  +  0.0506AP(6,  5)  -  0.0198Z(7,  2)  +  0.0083Z(2,  5)  +  0.0492P(8,3) 

-  0.0406P(4,  5)  -  0.0080Z(7 ,  6) 

D  =  26  785  +  0.79051  +  0.2784AP(5, 4)  -  0.0240Z(3,  2)  +  0.0382H(4,  5)  -  0.0307H(6,3) 

12  '  2 

+  0.0371AZ(4,  3) 

N  =  -  125.69  +  0.0404H(6, 5)  -  0.0549Z(4,5)  +  0.0406Z(6,3)  +  0.0746P(8,5) 

24 

-  0.0156Z(3,  2)  +  0.0176Z(8, 3)  +  0.0792AP(2,  5) 

E  =  -  82.762  -  0.0241Z(5,  2)  +  0.0753P(7,6)  +  0.0311H(5,6)  -  0.0285Z(4,3) 

24 

+  0.0936P(6,  5)  -  0.0824P(5, 4)  +  0.0966AP(6,  5)  -  0.0219Z(7,2)  +  0.0563P(8,5) 

+  0.0086Z(2,  5) 

D  =  -  226.56  -  0.0652Z(5,  2)  +  1.1879I0  +  0.3596AP(5, 4)  +  0.0540AZ(4, 3) 

24  2 

+  0.0705H(4, 5)  +  0.2851P(7,  2)  -  0.0424Z(5,4)  +  0.1967AP(6, 3) 

N  =  -  72.455  +  0.0346Z(8,  5)  -  0.0522Z(4,5)  +  0.0502Z(6,3)  +  0.0491H(6,  5) 

36 

+  0.1380AP(8,  5)  -  0.0206Z(3,  2)  +  0.1031AP(2,  5)  -  0.0196Z(5,  6) 

-  98.605  -  0.0556Z(5,  2)  +  0.1557P(7,6)  -  0.1792P(4,5)  +  0.0365H(5,  6) 


*36 


+  0.1065P(3,  6)  +  0.1612AP(6, 5)  +  0.1999I2  +  0.0934P(8,5)  -  0.0269Z(7,2) 
+  0.1041AP(2,  3) 
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»  D  =  285.36  -  1.0006P(5, 4)  -  0.1057H(5, 2)  +  0.0731Z(4,5)  +  0.2514P(7,2) 

36 

v  +  0.5829AP(5, 4)  +  0.2719P(6,5)  +  0.3480P(6,3)  -  0.1068P(3,6) 

f 


9.2  Exp.  2 

N  =  -  15.822  +  0.0402V'  +  0.0109Z(8,3)  +  0.0006Z(3,6)  -  0.0189AZ(6,  5) 

+  0.0246AZ(6, 3)  +  0.0199Z(6,3)  -  0.0235Z(4,5) 

E  =  -  20  230  -  0.0288U'  +  0.0188P(7,6)  -  0.0229Z(5,  2)  +  0.0179Z(6,  5)  -  0.0085AZ(5,  2) 
12 

+  2,303.4At  +  0.0086AZ(7, 6)  +  0.0131Z(5,6)  -  0.0195Z(4,5)  +  0.0099Z(3,6) 

+  0.0447AP(6, 3)  +  30,060?^  -  0.0132AZ(5, 4)  +  0.0124AZ(6,  5) 

D  =  84  614  -  0.0961V  +  0.82551  +  0.4651AP(5, 4)  +  0.0532AZ(6,  5)  -  0.0876P(2,3) 

12  '  2 
+  131,030A7?0 


.  N  =  7.8925  +  0.0293V'  +  0.0256Z(8,  5)  -  0.0542P(5,6)  +  0.0216P(8,3)  -  0.0065H(2,  5) 

24 

-  0.0165AZ(5,  6)  +  0.0352AZ(6, 3)  +  0.0544Z(6,3)  -  0.0320Z(4,  5)  +  0.0200AZ(8,  5) 

-  0.0228AZ(6,  5)  -  0.0275Z(5,  2)  +  0.0692AP(2,  5) 

E  =  -  113.20  -  0.0406Z(5,  2)  +  0.1271P(7,6)  +  0.0289H(5,  6)  +  0.0272AZ(7,  6) 

24 

-  0.0183AZ(5,  2)  -  0.0175Z(4, 3)  -  0.0219AZ(5, 4)  +  0.1576Io  +  0.0174Z(3,6) 

-  0.0153AZ(9, 7)  -  0.0174AZ(9, 4)  -  0.0609P(4,5)  +  0.1043P(8,3)  -  0.0215Z(7,2) 

D  =  -  187.54  -  0.0358Z(5,  2)  +  0.0423AZ(5, 4)  +  1.27571  +  0.3564AP(5, 4) 

24  z 

+  0.1026AZ(6,  5)  -  0.1398V  -  0.0379Z(3,2)  +  0.0573H(5,4)  +  0.2135P(7,2) 

N  =  95.978  +  0.0921V'  +  0.0417Z(8,5)  -  0.1255P(5,6)  -  0.0248H(2,  5)  +  0.0305AZ(8,  5) 

36  ^ 

-  0.0286AZ(5,  6)  +  0.0433U'  +  0.0378AZ(6,  3)  -  0.0272AZ(6,  5)  +  0.0798AP(8,  5) 

+  0.1488P(6,  3)  -  0.1476P(5,  2) 

E  =  -  134.92  -  0.0511Z(5,  2)  +  0.2219P(7,6)  -  0.1525P(4,  5)  +  0.0508AZ(7,  6) 

36 

+  0.0274H(7, 6)  -  0.0130AZ(6, 3)  +  0.0852P(3,6)  +  0.0363H(5,6)  +  78,5947)0 

-  0.0322AZ(5, 4)  -  0.0312H(5,4) 

D.  .  =  100.12  -  0.8838P(5,  4)  -  0.1369V  +  0.0525AZ(5, 4)  +  0.3036P(6,  5)  +  0.4089AP(5,  4) 

36 

+  0.5197P(6, 3)  +  0.1051AZ(6,  5)  +  0.2938AP(5,  2)  -  0.0260Z(3,2) 
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